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BLOOD ELECTROLYTE STUDIES DURING HISTAMINE 
SHOCK IN DOGS 

By DANA W ATCHLEY, DICKINSON W RICHARDS, Jb., 

AND ETHEL M. BENEDICT 

IFromthe Department of Medicine, ColUse of Physicians and Surgeons, CdumbiaUnleersity, 
and the Presbyterian Hospital, New York) 

(Rccei\ ed for publication November 5, 1930) 

These exptenments were undertaken m order to study the changes 
occurring in the aad-base cquihbnum during acute shock The in- 
jection of histamine mto an animal causes capillary dilatation, with 
drop m blood pressure and stasis not unlike the picture of shock as 
It occurs compheatmg the course of vanous chnical conditions A 
response so easily produced and readily controlled seemed emmcntly 
suitable for a physicocheimcal study of shock 

Dale and Laidlaw (1) showed that, during the course of histarmne 
shock there was a concentration of the circulating blood, m the sense 
that the ratio of corpuscle volume to serum volume was markedly 
mcreased Inasmuch as the pnmary effect of histamme had been 
found to be capillary dilatation, they inferred that this concentration 
was due chiefly to transudation of serum through the capillary walls 
The scope of their investigations did not include any observations on 
the physicochemical changes m the blood In a later study, they 
also found that there was a corresponding decrease m plasma vol- 
ume, and that the protem content of the serum dunng histamme 
shock remamed essentially unchanged, and their conclusion was 
that whole serum escaped through the capillary walls Lewis (2) 
offered mdirect evidence in favor of the same conclusion by find- 
mg that the proteins of a histamme wheal ( skin ) closely approxi- 
mated those of blood serum 

The observations here presented were made immediately before and 
durmg histamine shock m dogs and mclude serum electrolyte par- 
titions, hematoent determmations and m certam mstances Oj capaaty 
and serum pH 
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BLOOD ELECTROLYTES IK niST^UtlKE SHOCK 


METHODS 

Dogs V crc \iscd in all c\pcnmcnts The animal as strapped on the operating 
board, and SO cc of blood draii n under oil from the external jugular \ cm, the dogs 
ncarh ''h\aa s submitted to this procedure quictlj A solution of histamine aad 
pho'phate containmg 5 to 12 mgm of histamine base was then injected rapidh 
into a leg \an The usual reaction to this was a certain amount of convailsnc 
strugchng lasting about half a imnute, associated with defccabon, saluation and 
urination The pulse became threadj or imperceptible, a deep red flush graduallj 
appeared oicr the skin, turning in the course of a minute or two to a deep cj anosis 
At the height of this latter effect, another 80 cc sample of blood nas drann from 
the jugular \cin In certam of the animals a third sample was drai\n at a later 
period (sec table 1) 

In the last expenment (dog 14) , the animal as anesthetized, and a considerable 
\anation in technique cmploi cd The special purpose of this experiment was to 
discoxcr whether the transient convulsive response to histamine, in the consaous 
animal, had been an important factor in the changes we had found This dog was 
first anesthetized rapidh with open ether, then injected with 5 grams of sodium 
xcronal intraicnoush Deep anesthesia was produced, inspirations were grcatlj 
decreased for the next half hour, but subsequently mcrcascd again The dog w as 
left undisturbed for the first 2 hours after veronal injection At the end of this 
time, the animal was completch relaxed, breathmg slowly and cvcnlj , and the 
heart action w as apparcntlj normal The carotid artery was exposed, cannulizcd, 
and connected wath a mcrcurj manometer for the registration of blood pressure 
(Glucose solution was used in the connccDng tubmg, to prevent electrolytes 
entenng the arculation ) Jugular and femoral veins were exposed to faalitate 
taking of blood samples and injection of histamme After a preliminary blood 
sample had been drawn, histamine injections were begun, and given almost con- 
tinuoush , at the rate of 0 1 to 0 5 mgm cverj 1 to 2 minutes, for the next hour 
Dunng the last 40 minutes of this time, the artenal blood pressure remained 
between 35 and 40 mm Blood was drawn 40 mmutes after the start of the his- 
tamine injccDons, and agam 20 mmutes later No convulsive movements of anj 
Lind w ere noted dunng the course of these mjcctions 

The chemical methods hav e, wath the few exceptions noted below, been discussed 
in a pnenous paper (3) Lactic aad was determmed by the method of Fncdemann, 
and Kendall (4) Blood gas anahses were performed with the Van Sl>Lc-Neill (5) 
and Haldane apparatus, the technique of blood manipulation bemg esscntiallj 
that of Austin, Van Shlc et al (6) For the determination of serum pH, CO; 
dissociation curves of whole blood were constructed, the calculations were made 
vnth the aid of the Van SB 1 e-Sendrov (7) charts In calculatmg base bound to 
p'otem, \ an SB I e’s formula for human serum v as used, as none is available for 
dogs’ blood Hematoents were done on samples contammg equal and constant 
ar'o„nt5 o’ oxalate 
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RESULTS AND DISCUSSION 

The results of the expenments are presented m table 1 It is ob- 
vious from the changes m hematocrit and (when measured) Oi capac- 
ity that a striking concentration of the blood occurs during histamme 
shock. The greatest increase was 18 7 pier cent (by hematocrit read- 
ing) in Dog 11, and m no instance was it absent Furthermore, it 
appears clear that this was not a concentration by loss of water, for 
the protem percentage of the scrum changed very httle, if any, in 
most of the animals In such a brief experiment the serum protem 
concentration is a fairly rchable index of dilution by water alone 
The concentration of the blood durmg histamme shock seems, there- 
fore, to be depiendent upon the transudation of whole serum through 
the capillary walls, as shown previously by Dale and Laidlaw 

As the work progressed it was observed that there was always an 
mcrease m the undetermined aad of the serum, i e , total base mmus 
total aad (B A) , dunng the penod of shock As shock causes staking 
vascular stasis m the tissues with probably significant interference 
with their oxidative processes, it was suspected that this imdetenmned 
aad was lactic aad Lactate determmations on the last four animals 
proved this assumption to be correct As much as 15 m eq of lactate 
were found m one of the dogs The sudden, brief twitchmg that oc- 
curred with the mjection of histamme m the consaous animal seemed 
msuffiaent to cause the lactic acid aadosis, and the experiment on 
Dog 14, performed under veronal anesthesia, mdicates that excessive 
lactic aad production occurs m the absence of any convulsive muscular 
movements The occurrence of lactic aad aadosis is, therefore, a 
constant accompaniment of histamme shock and is probably due to 
tissue anoxemia 

Another constant change durmg histamme shock was a considerable 
percentage mcrease m serum phosphate No satisfactory explanation 
of this findmg is apparent from these experiments 

An mterestmg and somewhat unexpected observation was the effect 
of histamine shock on the total base of the serum In every mstance 
there was an mcrease m total base, and m 6 out of 10 dogs it was well 
outside the limits of error of the method When the lactic acid in- 
crease was large, there was always a significant inaease m base In a 
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fnirh large senes of total base determinations on animals and human 
beings under a \ancty of conditions, we ha^c nc\cr seen increa'^c^ 
in scrum total base independent of base administration It is the more 
notcworth\, therefore that the onlj' instance of consistent base in- 
crease to be found in the literature was reported b> Henderson and 
Bock (8) followang the lactic acid aadosis of muscular fatigue I'he 
acidosis of histamine shock and muscular exercise are similar not onl\ 
in the fact that lactic acid is the common cause, but also b} virtue of 
tlic fact that tlicy both occur rapidly It is impossible to determine 
from our data the relative importance of these two factors in the pro- 
duction of the unusual compensator}' mechanism evidenced b\ an 
increase in scrum cations In dog 11, potassium determinations were 
made in order to throw light on the source of the increased base Xo 
change in potassium was found which leads one to infer tliat the base 
increase w as probabh not drawn from the cells 

Serum bicarbonate decreased consistently as base was needed for 
lactate, for the increase m total base was less than the lactate produc- 
tion It should be noted that a slower induction of shock (and thus 
acidosis) in the anesthetized animal was accompamed by a decrease 
in dilonde greater than that of bicarbonate In the other animals 
chloride concentrations were all surpnsmgly constant There was a 
considerable decrease in serum pH and increase in CO- tension in the 
three cases measured As w ould be expected, O 2 saturation decreased 
markedl} in the four animals in which that determination w as included 

CONCLUSIOXS 

Acute histamine shock m dogs is accompanied bj 

1 Concentration of the blood due to the transudation of whole 
serum This is pro\ed by the stnking change in hematoent and 0; 
capacitj with no significant accompan>ing change m serum protein 

2 Uncompensated lactic acid acidosis, with the required base 
afiorded by (a) increase in scrum total base, (b) decrease in serum 
bicarbonate One experiment performed under \eronal anesthesia 
was sufiicientl} similar to the other expenmen ts to suggest that this 
formation of lactic acid was not due to muscular contraction 

3 Increase in inorganic serum phosphate unexplained b\ these 
expenments 

4 Dccrea'=o m O; saturation 
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STUDIES ON GALLBLADDER FUNCTION 

EL The Absorption op Sodium Teteaiodophenoiphthaxein 

PROM THE GAliBIADDER 
By CHAIILES G JOHNSTON* 

(From the Laboratory of Sttrgkal Research, Unsversity of Fennsylvanta, Philadelpkia) 
(Received for pubUc&tton November 22, 1930) 

Although many data have been presented m the past few years 
which indicate that the gallbladder empties its contents through the 
cystic duct, there arc those who beheve that removal of the contents 
of the gallbladder is brought about entirely by an absorptive mech- 
anism (Blond (1), Sweet (2), Demel and Brummelkamp (3), and 
Halpert (4)) Recently several of the workers who do not accept the 
contractile theory (1, 2) of gallbladder evacuation, have mamtamed 
that the disappearance of the gallbladder shadow in cholecystography 
is dependent on absorption from the gallbladder rather than the 
passage of the dye through the cystic duct 

The hypothesis presented by these workers (1, 2) should not be a 
difficult one to prove or disprove by experimental methods If the 
hypothesis is correct in whole or m part, there should be (1) a gradual 
disappearance of the shadow whether the egress of bile from the cystic 
duct were prevented or not, and even though the cystic duct b'e 
occluded (2) a greater rapidity m the disappearance of the shadow 
foUowmg a fat meal, and (3) a rapid decrease m the amount of dye m 
the gallbladder as estimated by analytical methods It was to test 
these entena that these studies have been made 

METHOD 

The experiments m this report were earned out on dogs The 
techmque employed was similar to that used by workers who have 
attempted to dram separate lobes of the hver In the mam we have 

' Harnett M. Frazier Fellow in Sorgerv 
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followed the technique of Sweet With this technique advantage is 
taken of the fact that in the dog the right lower lobe duct enters the 
common duct a short distance from the entrance of the common duct 
into the duodenum (fig 1) Amraals fasted for 12 hours were operated 
upon under sodium amytal anesthesia A ligature was placed on the 
common duct and left hepatic duct above the point of entrance of the 
nght lower lobe duct The common duct was cannulated below the 



Fig 1 Method of Cannuuzation Which Permits Collection of Bile from 

Right Loiver Lobe Duct 

entrance of the right lower lobe duct and the bile from this was 
allowed to flow into a rubber bag left inside the abdomen Material 
from the gallbladder cannot find its way into the bag directly, but in 
order to reach the bag must pass mto and be excreted by the right 
lower lobe of the hver after being absorbed from the gallbladder, or 
find its way mto the hver through an open duct which connects the 
hver and gallbladder Sodium tetraiodophenolphthalein or potassium 
iodide was mtroduced into the gallbladder by puncturmg the gall- 
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bladder wall with a small bore needle, removing the bile contained 
withm, and mtroducmg the salt before removing the needle The 
puncture hole was tied off by a purse stnng suture The animals were 
sacrificed at the end of 24 hours and the contents of the gallbladder and 
collecting bag removed, to be analyzed for iodine Each animal was 
x-ra>ed immediately after the operation and just before being 
sacrificed 

The method of Fresemus (5) for lodme assay was used for the most 
part, except m a few instances vhen lodme was determmed by the 
method of Kendall (6) for purposes of companson Either of these 
methods is smtable, the Fresemus method being, m our experience, 
simpler and more depiendable when determimng as large quantities 
as were used m these expienments With either method, the material 
was fused with sodium hydroxide and sodium mtrate as described by 
Kendall (6) 


RESUXTS 

In the first group of animals the ducts were prepared as desenbed 
and a known amount of potassium iodide was placed m the gallbladder 
The animals were not fed dunng the succeeding 24 hours Reference 
to table 1 shows that a major jxirtion of the potassium iodide left 
the gallbladder during the course of the experiment and a large jxirtion 
of this was recovered from the collectmg bag draimng the right lower 
lobe of the hver 

In a second group of animals known amounts of sodium tetraiodo- 
phenolphthalem were mtroduced mto the gallbladder with a similar 
techmque (table 2) In these expenmeuts we found that lodme did 
not leave the gallbladder as rapidly as when potassium iodide was used 
Twenty-four hours after the introduction of the potassium iodide 2 7 to 
6 7 per cent of the ongmal amount was recovered from the gallbladder 
In the experiments with sodium tetraiodophenolphthalem from 36 9 to 
55 8 per cent was recovered from the gallbladder 

These experiments with potassium iodide and sodium tetraiodo- 
phenolphthalem were performed dunng a penod of fastmg It was 
deemed advisable to repeat the sodium tetraiodophenolphthalem 
experiments and to observe the effect of a fat meal on the disappear- 
ance of the dye from the gallbladder 
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Three animals were given 100 cc of cream six hours before being 
killed In these animals from 12 3 to 21 4 per cent of the lodme was 
recovered from the gallbladder These percentages (table 3) approach 
those obtained from fastmg animals with the use of potassium iodide 
Smce the animals studied m Groups I, 11, and HI had an open 
cystic duct which would permit of direct commumcation with the 


TABLE 1 

Recovery of todtnc from gallbladder and nghl hcpaiic duct following tniroduclton of 

potassium todide 


Dog 

1 

Date 

Araount of 
salt placed in 
gallbladder 

Amount of 
iodine 
placed In 
gallbladder 

Amount of 
Iodine recov 
ered from 
gallbladder 

Amount of iodine 
recovered from 
bag 

Percentage 
iodine recov 
ered from 
gallbladder 


1930 

grants 

mtSSm 

grams 1 

grams \ 


9 

January 21 

0 925 


mmm 

0 098 

2 7 

17 

February 14 



WSmm 

0 087 

6 3 

20 

February 22 

0 411 



No collection 

6 7 

21 

February 22 

0 400 

0 306 

0 010 1 

1 

0 093 

3 3 


TABLE 2 

Recovery of iodine from gallbladder and right hepatic dwt following introduction of sodium 

tctraiodophenolphthale i n 


Dog 

Date 

Amount of 
&alt placed In 
gallbladder 

Amount of 
iodine placed 
in gallbladder 

Amount of 
iodine recov- 
ered from 
gallbladder 

Amount of i 
iodine recov | 
ered from 
bag ' 

Percentage 
iodine recov 
ered from 
gallbladder 

1 

1930 

gromi 

grams 

grams 

grams 1 


15 

February 7 

0 500 

0 300 


0 021 

52 0 

27 

March 27 

0 542 

0 325 

0 120 

0 054 

36 9 

28 

March 27 

0 418 

0 251 

0 140 

0 031 

55 8 


Cystic and accessory ducts not occluded 
No food given animals 


hver a fourth group of animals, whose cystic ducts were occluded, 
was studied In order to ascertain whether feeding affected the rate 
of absorption of the iodine m this group some of the ammals were 
given 100 cc of cream 6 hours before being sacrificed while others 
were fasted durmg the entire experiment 

The occlusion of the cystic duct was obtained in some ammals by a 
hgature which excluded the cystic blood vessels In order to be 
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certain that the ligature was not influcncmg the results by obstructing 
lymph vessels, the ducts, m other animals were not tied, but were 
occluded by filhng the lumen of the common and hepatic ducts above 
the hgature with low melting pomt paraffin The results by either 


TABtE 1 

Recortry oftodincfrom gallbiaddcr and n§hi hepalic ducifoUomnt inirodudum of sodium 
tdraiodopkenoiphihalcin* 


Dof 

Btte 1 

Amount of 1 
tiftpUcedlo 
rOIWaddcr 1 

Amoaiit of i 
kxiliio ! 
ptooed ts 1 
CtUbUdder 

Amoontof i 
Iodine rtctjv 1 
oed froQ i 
foUbladdcr j 

Aaount of todloe 
recovered from 
bag 

PeranUgo 
Iodine recoT 
ered from 
pill bidder 


Itx 

erdvu 

Xr«fM 

XroKU 

Xraeu 


16 

February 7 

0 500 

0 300 

0 037 

0 120 


37 

Maya 

0 500 

0 300 


0 092 


38 

JIay2 

0 560 

0 336 

0 072 1 

No collection 



* 100 cc. cream giv en on day following opcmtlon 
Cystic and accessory ducts not occluded. 


TABLE 4 

Rtcowy o/ iodine from gallbladder and nght hepalic dud foilovdng introdudlon of sodium 
Idratodopkenolphlhaletn 


Dog 

Date 

Amoont of 
ttlti^cedtn 
gElibUdder 

Amoootol 

fodloe 

phcrdla 

tillbUdder 

Amount of 
Iodine recoT 
ered from 
gaLUblAdder 

Amount of Iodine 
rtcotwed from 

beg 

PetcenUgo 
Iodine rocov 
ered from 
giltbbiddet 


J930 

rroKi 

froau 

Srem 

Xnmr 


39 

May 7 

0 497 

0 29S 

0 152 

No coUecUon 


40 

May 8 

0 195 

0 117 

0 031 

0 025 

VfS^I 

41 

May 12 

0 507 

0 301 

0 111 

0 030 


45 

June 4 

0 509 

0 305 


0 012 


42 

May 19 


0 300 

0 090 

No collection 

30 Of 

43 

June 2 

0 490 

0 294 

0 081 

0 025 

27 6t 


Cystic duct occluded 

• 100 cc. cream given on day following 03 >cration 
t No food given animal 


method were identical From 26 5 to 51 0 per cent of the lodme was 
recovered from the gallbladder at the conclusion of the experiments 
(table 4) The results are similar to those obtamed from fastmg 
anunals without occlusion of the cystic duct f ^ 

In the expenments m which sodium tetraiodophenolphthalem was 
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ABSORPTION PROM GALLBLADDER 


placed m the gallbladder there was, at autopsy, a coating of blue 
matenal upon the walls This proved to be concentrated salt and 
mucus and required careful scrapmg and washmg to remove it The 
dye remammg on the mucosa contained most of the lodme remaimng 
in the gallbladder and if this were not taken into account the apparent 
disappearance of the material would be increased to a great extent 

DISCUSSION 

It IS of definite importance in clinical cholecystography to know 
whether the disappearance of the shadow is the result of absorption 
of the dye through the gallbladder wall, or whether it is the result of 
a contractile mechanism which empties the gallbladder Sweet (2), 
from a study which was m certain respects similar to this one, m that 
he obtained his data from experiments comparable to the experiments 
m Group 11, concluded that the changes m the gallbladder shadow in 
cholecystography should be interpreted as the result of absorption 
This would confirm his statement that he has not found it necessary to 
change his conclusions expressed m 1923 that, “under normal con- 
ditions, whatever passes into the gallbladder through the cystic duct 
never passes out again through the cystic duct ” Halpert, whose 
early experiments (7) with methylene blue had led him to similar 
conclusions, has since repeated his experiments (8) and found it 
necessary to alter his previous conception 

The experiments reported in table 1 show that potassium iodide 
is rapidly absorbed from the gallbladder However, it is not logical to 
deduce that a complex salt such as sodium tetraiodophenolphthalein 
will do likewise In the experiments reported in table 2 where the 
latter salt is used under sumlar conditions the iodine remains in the 
gallbladder in greater amounts over the same period of time 

There is, however, a senous defect in the planning of this experi- 
ment The cystic and central hepatic ducts are patent, as are the 
accessory ducts emptying into the cystic duct so that a direct com- 
mumcation exists between the gallbladder and the liver It was 
because of this that the experiments reported in tables 3 and 4 were 
planned In the experiments reported in table 3 the animals were 
given a fat meal six hours before being sacnficed The disappearance 
of a greater amount of iodine can be interpreted in one of two ways 
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It could be argued that the fat meal increased absorption On the 
other hand, the proponents of the contractile theory of gallbladder 
evacuation might sav that it forced the dye into the hepatic ducts, 
to the liver, and ivas then excreted through channels which were not 
occluded 

The experiments reported in table 4 were done on ammals whose 
cystic and accessory ducts were occluded, as was proven at au- 
topsy Some recei\ed a fat meal while others were fasted In 
these expenments the amount of iodine recovered from the gallbladder 
closely simulates that recovered from the fasting dog whose cjstic 
duct was not occluded In the light of these expenments it is im- 
possible to draw the conclusion that a fat meal increases absorption 
from the gallbladder under the conditions of these expenments 



Fio 2 Roentoenoceaus of GALiaLAODEE OF Dog 38 Taken , ( J) Iuhedutely 
AFTER THE INJECTION OF SODllJU TETRAIODOPlIENOUirnULElV INTO 
THE Gallbladder, and (B) 24 Hours after the Injection 
A n air bubble 13 seen in I, bile duels are outbned in both pictures 5 shows a 
well outbned penphen 

On the Other hand, roentgenograms taken in these expenments 
mdicate that the dye does escape from a patent cystic duct when a 
fat meal is given (fig 2) The use of roentgenograms for the determi- 
nation of the quantity of iodine remaining m the gallbladder proved 
to be unreliable This is to be expected upon theoretical grounds, 
as there are many vanables to be considered, such as the size of the 
animal, the concentration of the salt within the gallbladder and the 
size of the gallbladder The last two of these factors will be affected 
by vanation m the rate of water absorption from the gallbladder 
While it 13 true that in all our experiments there was a decrease m the 
density of the gallbladder shadow, the lessened density was not always 
proportional to the decrease of lodme withm the gallbladder 
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ABSORPTION PROM GALLBLADDER 


Sweet (2) contends that in the human subject the gallbladder 
shadow becomes smaller because the iodine is absorbed from around 
the walls of the gallbladder so that the concentration of iodine becomes 
lessened at the periphery and the shadow is cast by the concentrated 
dye remaining in the center of the gallbladder When one considers 
that the gallbladder is kept in motion by respiratory movements, it is 




Fig 3 Roentgenograms of Gailbi adder of Dog 10, an Experiment Similar 

TO Those in Table 2 

A was taken iramediatel}' after the introduction of sodium tetraiodophenol- 
phthalem, B and C were taken 24 hours later C was taken after the removal of 
the gallbladder Note the moth eaten appearance of the shadow cast by the 
gallbladder in B and C, due to the preapitation of the salt The periphery is well 
outhned in (5) 

difficult to understand how the concentration of iodine could vary 
considerably in different portions of the lumen of the gallbladder 
Even though sodium tetraiodophenolphthalein were not freely 
diffusible m solution, physical mixmg would tend to keep the solution 
within the gallbladder practically homogeneous 

In none of our roentgenograms was there any evidence of increased 
density in the center of the shadow On the contrary, there was 
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qvute uniformly an increased density at the penphery of the shadow in 
the 18 hour roentgenograms (figs 1 and 2) 

Our data with sodium iodide are in agreement with the findmgs of 
Sweet. Sodium tetraiodophenolphthalein, however, i\as found to 
leave the gallbladder much more slowly so that we constnntly re- 
covered more from the gallbladder at the conclusion of an experiment 
than we did from the bag drammg the right lower lobe except when 
the cystic duct was patent and a fat meal ivas given the animal 
I wash to thank Dr I S Ravdin for advice and for his interest m 
this problem and Dr H K Pancoast and Dr E P Pendergrass for 
the interpretation of the roentgenograms 

SUMKARV 

1 Potassium iodide is rapidly absorbed from the gallbladder 

2 Sodium tetraiodophenolphthalein is absorbed more slowly than 
potassium iodide 

3 The rate of absorption of sodium tetraiodophenolphthalein is so 
slow that it does not seem possible for absorption to cxplam the rapid 
changes occurring m climcal cholecystography 

4 We have not obtained any evidence which suggests that a fat 
meal mcreases the rate of absorption of the dye 
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RESPONSES TO THE INJECTION OF EPINEPHRINE IN 
HEPATIC DISEASE 

Bi ROBERT F LOEB, ESTHER B REEVES and H. PELHAM GLASIER 

{From the Department of Meduine, Coflege of Phystetans and Surgeont, Columbia Unmrtlly, 
and the Presbyterian IlospUal, hea York) 

(Rccci\*ed for publication Sept emb er 30, 1930) 

INTRODOCnON 

The important r61e of the liver m carbohydrate metabolism has been 
repeatedly emphasized m recent years, and particular attention has 
been paid to its functioh m the maintenance of the blood sugar level 
and the storage of glycogen (1, 2) 

JEntotvski (3), m 1886, observed the hypoglycemia -which developed in geese 
following hepatectomy and also noted, In the same eipenments, a great mcrease 
m the urinary excreUon of lactic add In 1912, Pamas and Baer (4) demonstrated 
the rOIe of the liver m synthesizing glycogen from lactic nod In 1906, -von 
Noorden and Embden (S) suggested the eiiatance of a “chemical carbohydrate 
cy de” in which liver glycogen is converted into glucose, which in turn is poly 
menzed m the musdes to glycogen, which then yields lactic add, and the latter is 
transported back to the hver to be converted again into carbohydrate Barr, 
Himwich, and Green (6) m 1923 demonstrated that lactic add liberated from leg 
muscles during exercise is temporarily stored in resting musdes elsewhere. Janssen 
and Jost, (7), found that during the infusion of d lactic aad, this substance is 
removed by the musdes, but with the discontmuation of the infusion, enormous 
quantities of lactic aad ore poured mto the venous blood from the musdes and are 
then presumably synthesized into glycogen by the hver In the past three years, 
the carefully controlled experiments of Cori and Con (9) on the mechanism of the 
action of epmephrine have yielded quantitative evidence supporting the idea of 
this corbohy drate cyde and have demonstrated the importance of the liver in the 
cyde These authors have pointed out that epmephrme decreases carboh-ydrate 
utilization in the musdes, increases the mobilization of musde glycogen, thus 
augmentmg lactic add formation, which subsequently mcreases the glycogen 
storage m the liver They have also pomted out that epmephrme hypergly nTnin 
results from an initial but transient glycogenolysis in the liver and that the hyper ' 
glycemia is then maintamed by the decreased glucose utilization on the part of 
the musdes 
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EPINEPHRINE IN HEPATIC DISEASE 


On the basis of the work descnbed, numerous chmcal studies have 
been made on the behavior of the lactic aad and of the blood sugar m 
the presence of hver disease (10-20) In general it has been shown 
that (a) the lactic aad content of the blood is mcreased in patients 
with severe hver disease, (b) there is a delay in the disappearance of 
sodium lactate injected mtravenously, (c) feedmg of sodium lactate 
occasionally raises the blood lactic aad level more in patients with hVer 
disease than in normal individuals, (d) the hyperglycemia followmg the 
mjection of epmephnne is less marked in cases of hepatic insufficiency 
than m those with normal livers, probably because of decreased glyco- 
gen stores 

In 1923, Tolstoi et al (8) found an increase m the lactic aad content 
of the blood of four normal individuals following the injection of 15 
minims of adrenahn Con and Con (9) have recently demonstrated 
that following the mjection of epmephrme in normal ammals, there is 
not only prolonged elevation of the blood sugar but that the lactic aad 
content of the blood is also increased for some hours They have ob- 
served, furthermore, that the nse m concentration of lactic acid m the 
venous blood is considerably greater than that m artenal blood This 
result IS to be expected m view of expenments showing increased 
glycogen storage in the liver one or more hours after the injection of 
epinephrine 

From the foregoing discussion it is apparent that the injection of 
epinephrine causes a prolonged out-pourmg of lactic aad from the 
muscles, which is normally removed by the hver and resynthesized to 
glycogen It seemed possible that this mechamsm might be interfered 
with in patients with disease of the hver, and that there would result a 
greater accumulation of lactic aad in the blood than would be found m 
normal individuals For this reason we have studied the blood lactic 
aad curves following the subcutaneous injection of adrenalin, and sim- 
ultaneously the changes in blood sugar and blood pressure have been 
observed 


EXPERIMENTAL 

The studies were made on human subjects in the fasting state and 
at rest in bed The “normal” group of controls, except for one medical 
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Student who was ambulatory, consisted of ward patients in whom no 
pathological condition could be demonstrated The cases of jaundice 
mvestigatcd mcluded the following groups of conditions (a) intra- 
hepatic jaundice mcluding catarrhal jaundice, toxic hepatitis and acute 
yellow atrophy of the hver, (i) obstructive jaundice due to taranoma 
of the pancreas or bde ducts, (c) arrhosis of the hver, (d) cholecystitis 
with cholelithiasis Observations were also made on a group of mis- 
cellaneous disease conditions and on six patients suffermg from dia- 
betes melhtus 

Blood was withdrawn from an arm vein without stasis and the blood 
pressure was measured Following this, 0 7 to 1 0 cc. of epmephnne 
(Armour and Co ) was mjected subcutaneously The blood pressure 
was determined at intervals of 2 to 3 minutes for one-half hour and at 
intervals of about 5 mmutes during the next thirtj mmutes Samples 
of venous blood were removed one-half, one, and frequently two hours 
after the adrenahn injection Blood samples were treated with sodium 
fluonde and were analyzed without delay for glucose and lactic aad 
In the earlier experiments, sugar alone was determined In later 
studies blood was not taken two hours after epmephrme injection, 
because expenence demonstrated that the maximum concentrations 
of sugar and lactic aad were almost mvanably reached m one hour 

In a few mstances lactic aad was determmed m the unne excreted 
during the two hours following the administration of adrenahn, but as 
there was no mcrease over the normal amount, this procedure was 
discontmued On the basis of the experiments of Jervell (14) and of 
Hewlett, Barnett and Lewis (21), no increase m unnary excretion of 
lactic aad was to be exjiected 

Lactic aad was determmed by the method of Fnedemann and Ken- 
dall (22) modified in some of its details The procedure gave excellent 
results with pure lactate solutions, but was not rehable withm ±5 per 
cent when applied to blood or unne samples The determinations 
were made on protem-free filtrates of whole blood The method of 
Fohn and Wu (23) was used for blood sugar measurements All 
analyses were made m duplicate The lactic aad and the glucose of 
the blood have been recorded in terms of rmlhmols per liter so that 
comparative changes m molar concentrations might be observed 



Effect of ep%nephnne tn normal ■. 


Hospital 

number 


Age 

Diagnosis 

Dose of 
cpi 
neph 
line 

Blood sugar 

Blood sugar 
increase 

Initial 

Time after epmephnne 

f hour 

1 hour 

2 hours 


^9 




mtllt 

mith 

milti 

mtlU 

mtllt 






cc 

mols\ 

mots 

mols 

mols 

mols 

ycr 

cent 






per liter 

per liter 

per liter 

per tiler 

per liter 


219386 

M 

m 

Normal 


5 27 

7 66 

8 66 

6 22 

3 39 

65 


hi 

24 

Normal 

1 3 

4 66 

6 83 

9 11 

8 66 

4 45 

96 

239481 

F 

25 

Neurosis 

■o 

5 56 

8 72 


7 39 

3 84 

69 

6093 

F 

48 

Neurosis 

1 0 

5 66 

9 38 

10 6 


4 94 

87 

240839 

F 

17 

Hysteria 

1 0 


8 17 



4 06 

81 

235105 

F 

34 

Healed lung abscess 

1 0 

5 67 

8 22 

9 84 



74 

Average 

5 30 



7 92 

4 16 

79 

75933 

M 

60 

Hypertension myocar- 

1 0 

6 16 


6 61 

6 61 

0 45 

7 




ditis 








132607 

F 

41 

Picks disease 

1 0 

5 33 

6 23 

7 28 

6 55 

1 95 

37 

241332 

hi 

28 

Tuberculous peritonitis 

1 0 

5 00 

5 44 

5 78 


0 78 

16 

75023 

F 

18 

Debdity, hookworm 

0 7 





2 40 

48 

229520 

hi 

25 

Hookworm, incipient 

1 0 

BS 

1 6 78 



2 SO 

50 




tuberculosis 








241666 

M 

22 

Duodenal ulcer 

1 0 

4 83 

5 94 

6 83 


2 00 

41 

228061 

hi 

43 

Duodenal ulcer 


4 33 


5 78 

5 22 

1 45 

34 

231234 

F 

39 

Tuberculosis of skin 

1 0 

4 94 

8 33 

8 56 


3 62 

73 

233248 

F 

35 

Addison’s disease 


4 77 

7 17 

6 78 

5 22 

2 40 

50 


hi 

32 

Bronchial asthma 


5 21 

6 45 

7 34 

6 27 

2 13 

41 

236702 

hi 

17 

Convalescent rheumatic 


4 94 

6 27 


5 94 

2 06 

42 




fever 








79533 

F 

63 

Polycythemia vera 


6 50 

9 95 


Wi!? 

mmm 

3 90 

60 

81394 

M 

21 

Convalescent pneumonia 


5 50 


8 45 

6 28 


54 

81537 

hi 

17 

Convalescent pneumonia 

1 0 

7 89 

12 3 

12 1 

7 67 

m 

56 

Average 

5 39 

7 24 

7 61 

6 42 

2 36 

43 

66114 

hi 

70 

Diabetes and cardiac in- 

1 0 

9 78 

9 72 

9 45 

10 0 

0 22 

2 




sufficiency 








22911C 

hi 

38 

Diabetes 

1 0 

5 78 

6 45 

6 61 


0 83 

14 

8118. 

F 

22 

Diabetes 

1 0 

14 6 

15 4 

17 1 


2 SO 

17 

82431 

) F 

34 

Diabetes 

1 0 

4 28 

5 22 

8 05 


3 77 

88 

6194 

5 hi 

18 

Diabetes 

0 7 

14 2 

14 4 

14 8 


0 60 

4 

24556 

7 hi 

42 

Diabetes and hyperthy- 

1 0 

18 5 

19 2 

19 5 


1 00 

5 




roidism 








Average 

- 



11 2 

11 7 

12 6 


1 49 

22 


* Patient had severe collapse 40 minutes after epmephnne Blood pressure dropped to 60/. 
1 1 miUimol of glucose = 180 mgm 
1 1 milh-equtvalent of lactic acid = 90 mgm 
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n mtsctilcntous dtseast condiiwns 


rticadd 

Blood Uctk 
add Lncreate 

Bbod Presfore 

Rcmarki 

liter eploepbrjae 

lAltUI 

Mail 

znom 

la 

crew 

Tune 

alter 

eplneph* 

rine 


1 hour j 

2boun j 


1 

m4€ 

ptrlikr 

2 43 

2 01 

1 21 

2 62 

I 65 

1 79 

cent 

204 

150 

139 

291 

183 

167 

1 

MM lit 

162/40 

156/76 

132/70 

140/50 

140/? 

142/78 

P*' 

ctnt 

31 

22 

16 

27 

40 

22 

mlttitlts 

35 

35 

31 

18 

17 

53 

Not in bed 


2 99 

2 09 

1 95 




26 




1 82 

1 89 


54 

220/112 


2 

43 



2 00 

1 46 

1 09 

120 

108/66 

130/72 

20 

13 



3 31 


1 59 

93 

110/80 

124/70 

11 

12 

Temperature 101® lo 102® 


1 &1 


1 36 

262 

[[lUifl 

IlfTaiiJ 

54 

4 

No anenuo. DcbOitated 


2 59 


1 21 

83 

112/55 

134/53 

20 

27 

No anemia or fev-er 


2 48 


1 30 

no 

105/60 

112/60 

7 

3 

Receiving SIppy diet 


1 87 

2 07 

1 25 

153 

116/78 


22 

40 

Receiving Sippy diet 


1 71 


1 02 

148 

110/72 


82 

15 



I 55 

ita 

1 30 

161 

103/78 


3 

10 

Bilateral adrenal tuberculous 










aulops> 


1 43 

1 12 

0 73 


110/80 

114/84 

22 

58 



2 13 

1 39 

1 43 


102/62 


25 

37 

Lactic ncid excreted In urine • 










mgm 






140/92 


40 

23 







98/60 

138/50 

41 

21 







115/62 

178/76 

55 

7 



BB 

1 51 

1 18 

132 



29 




1 38 

1 78 

0 01 

0 

160/96 

192/106 

20 

107 

Not using Insulin. Sugar free 


2 29 


1 38 

152 

98/68 

112/65 

14 

3 

Insulin on night before te*t. 










sugar free 


2 03 


1 25 

160 

118/82 

128/58 

8 

44 

Insulm on night before test. 










sugar ++ 


1 M 


q 81 

98 

120/75 

148/55 

23 

38 

Insulin on night before test. 










free 

» 

1 81 


0 22 

13 

114/74 

140/66 

23 

S3 

Insulin on night before test 










sugar ++ 

) 

2 93 


1 90 

185 

108/60 

168/80 

56 

28* 

Insulm on night before test 










sugar +++ 

1 

2 01 


■ 

■ 
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Elecovcry In 5 minute*. 
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EPrNEPHEINE IN HEPATIC DISEASE 


PESHLTS 

In the first section of table 1 it may be seen that in response to the 
subcutaneous injection of epinephrine into normal individuals, the 
blood sugar increases about 80 per cent above the fasting level, the 
lactic aad nses about 200 per cent and an increase of about 25 per cent 
occurs in the systohc blood pressure The values for sugar and lactic 
aad reach a peak at the end of one hour, whereas the blood pressure 
begins to fall before this time This chronological relationship for 
maximal efiects is approximately the same in aU of the groups of pa- 
tients studied While there is a rather striking uniformity m the de- 
gree of blood sugar increase among the members of the normal group, 
the same can not be said of the blood lactic aad although the nse of the 
latter is m all cases greater than 130 per cent 

In the second section of table 1 are shown the results obtamed in a 
miscellaneous group of disease conditions The results are quahta- 
tively like those found in normal individuals, but it may be observed 
that the average increase in blood sugar and lactic acid is about half as 
great as in the normals The average blood pressure response is ap- 
proximately the same as in the healthy subjects The vanations in 
this miscellaneous group are naturally great 

The blood sugar and lactic aad curves of the diabetic patients, seen 
in the last section of table 1, show a stdl greater deviation from the 
normal The average response of the blood sugar in these cases is only 
about 25 per cent as great as in the normal group, although the fasting 
level IS naturally high, and lactic aad increases, on the average, only 
half as much as in healthy mdividuals The effect on blood pressure is 
approximately normal All of these patients were in a state of good 
nutrition 

The reactions of the blood sugar, blood lactic aad and blood pres- 
sure to the mjection of epmephnne in patients with jaundice are sum- 
marized m table 2 In the first group, which embraces the cases ot 
intrahepatic jaundice, it wiU. be observed that the blood sugar response 
IS about one third of the normal, while the average increases in lactic 
acid concentration and in systohc blood pressure are approximately 
the same as those found in healthy subjects The individual vana- 
tions in this group are great, and many of the patients showed a defi- 
mte elevation of the imtial lactic aad values as has been observed by 
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Adler and Lange (11), Beckmann (12), Schumacher (10) and others 
The cases of obstructive jaundice (the second group m table 2) due to 
caranoma without hver metostnses showed still less response on the 
part of the blood sugar and lactic aad to adrenalin, and in this group 
the elevation of the systohe blood pressure is distmctly less than m 
anj other group. The high initial blood sugar values result from the 
presence of mild diabetes in some of the patients 

The studies of patients with arrhosis are unfortunately incomplete, 
but in this group the blood sugar response is of the same order as in all 
the other tvpes of liver disease and jaundice mvestigated 
In the last section of table 2 are presented the results obtained in the 
study of three cases of cholecystitis and cholehthiasis The group is 
small but it may nevertheless be observed that in these cases too, there 
IS an abnormally small mcrease in blood sugar and lactic aad after 
epinephnne as in the cases of obstructive jaundice, while the blood 
pressure rise is approximately normal 
In none of the groups of cases studied was there definite molecular 
correlation between changes m blood sugar and blood lactic aad result- 
ing from the administration of adrenahn Furthermole, no constant 
relationship was established between the concentration of bihrubin 
in the serum and the response of the carbohydrate metabolism to 
epinephnne 


DISCUSSION 

BnU and Fitz Hugh (16) first showed that the blood sugar curves 
resulting from epinephnne injection are lower in the presence of hver 
disease than those obtained m healthy individuals, but beheved that 
this test IS of httle clmical value Kugebnann (19) in 1929 confirmed 
the findings of BnU and Fitz-Hugh and concluded that the test is 
of importance in differentiating parenchymatous hver damage from 
obstructive jaundice, as three cases of caranoma of the pancreas 
showed a normal blood sugar response This latter observation is at 
vanance with our results which showed that the slope of the sugar 
curve m obstructive jaundice is just as low as m the cases of mtrahepa- 
tic jaundice There ivas no defimte correlation between the seventy 
of the hver damage and lack of blood sugar response to adrenahn It 
IS significant that not only in hepatic disease but also in a group of 
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miscellaneous diseases m which there was no evidence of hver disorder^ f 
the blood sugar response to epinephrme is subnormal 

In five of the six cases of diabetes studied, the blood sugar response 
to adrenahn was smaller than m any of the groups of hver disease 
investigated It is possible that this is the result of the antagomstic ac- 
tion of msuhn mjected 15 hours before the experiment (9), but this time 
mterval seems entirely too long to serve as an explanation, and further- 
more, the same observation was made m one patient who did not re- 
ceive msuhn In those cases m which sugar was present in the unne 
at the time of test, any excess sugar hberated by glycogenolysis may 
have been excreted in the urine without influencing the blood sugar 
level The reaction of diabetic patients to adrenahn injection should 
be further studied 

Adler and Lange (11), Schumacher (10) and Beckmann (12) (18) as 
well as Wakefield and Greene (20) have demonstrated the increase in 
the fasting lactic aad content of the blood of patients with hver dis- 
ease Our experiments confirm this finding, but this abnormality of 
the blood is also found in some of our rmscellaneous cases and is known 
to exist in cardiac disease, secondary anemias and m other diseases 
(14) Furthermore we observed no consistent parallelism between 
the severity of the liver disease and the height of the imtial lactic aad 
level On the basis of the theoretical considerations discussed m the 
mtroduction, it nught be antiapated that foUowmg the injection of 
adrenahn, there would be an abnormally great accumulation of lactic 
aad m the blood m patients with hver disease The results showed, 
contrary to expectation, that there is an abnormally small increase, 
both actual and relative, in obstructive jaundice and also in disease 
conditions not assoaated with pathological changes in the hver In 
diseases m which there is degeneration of hver cells (intrahepatic jaun- 
dice) the findmgs approach the conditions which might be theoretically 
antiapated, i e , abnormally high blood lactic aad levels after epmeph- 
rme, but even here the concentration does not exceed that found in 
normal individuals This tendency toward lactic aad retention is, 
however, indicative of a failure of the liver cells to synthesize glycogen 

The work presented shows clearly that m many pathological states, 
mcludmg diseases of the hver, the response of the carbohydrate metab- 
olism to the mjection of epmephnne is quantitatively less than m 
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normal individuals, i e , the diseased subjects act as though they had 
recei\ ed a smaller dose of the hormone It thus seems possible that 
in certain diseases, some of the effects of adrenalin are inhibited by 
factors still unknown It is improbable that tlus is the result of poor 
absorption from the subcutaneous tissues as the site of injection was 
alwaj's thorouglilv massaged and because of the long duration of the 
expenments If this point of view is accepted as a working hypothe- 
sis, It renders unnecessary the assumption that the low^ blood sugar 
cun es, obsen'cd in liver disease, are dependent upon depleted hepatic 
glycogen stores Moreover this working hypothesis wiU explain the 
fact that the lactic aad cun'cs in liver disease tend to be below normal 
instead of being elevated 

IITule evidence suggestive of the inhibition of the epmephrme effect 
on carbohydrate metabolism was found m aU of the disease groups 
studied, the pressor effect w as normal except in the cases of obstructive 
jaundice duo to caicinoma of the head of the pancreas In these 
patients the blood pressure response was definitely below normal It 
IS interesting to note m this group, that epinephnne also appeared to 
have less effect upon the carbohydrate metabolism than m any other 
of the disease conditions 


CONCLUSIONS 

1 The effect of epmephrme upon the blood sugar, blood lachc aad 
and blood pressure has been studied in liver disease, as well as in certain 
other pathological conditions 

2 The nse m blood sugar is less marked m cases of liver disease, 
diabetes and many other pathological states than m normal subjects 

3 The blood sugar curve after epmephrme mjechon is m no way 
charactenstic of hver disease and docs not appear to correspond closely 
to the type or degree of damage present 

4 The lactic aad content of the blood m the postabsotphve penod 
IS occasionally increased in hepatic disease This abnormahty is not 
limited to lesions of the hver, nor is it consistently related to the sever- 
ity of the process or to the concentration of bihrubm m the blood 

5 Contrary to theoretical expectations, the lactic acid curves re- 
sulting from the admmistration of adrenahn are frequently lower m 
liver disease, diabetes and certain other pathological conditions than 
m normal individuals 
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6 It IS suggested that the abnormally small response of the blood 
sugar and lactic acid in hver disease and certam other pathological 
conditions, notably diabetes, results from an inhibition of the action of 
epmephnne on carbohydrate metabohsm 

7 The pressor effect of epmephnne tends to be the same m normal 
mdividuals and patients suffermg from hver disorders, except m cases 
of carcmoma of the pancreas with obstruction of the bile ducts where 
this effect is decreased 
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A number of epidemiological studies on rheumatic fever have been 
made, but in this disease, this field of endeavor is m its infancy as 
compared with other bnes of approach It has seemed to us, however, 
that here is another valuable weapon which may be brought to bear, 
not only because we would like to know more about the epidemiology 
of rheumatic fever, but it may tell us more about the nature of this 
obscure disease 

Knowledge concerning the actual distnbution and spread of human 
disease, that is, its epidemiology is obtained in two ways by direct 
observation, and by statistical methods, the latter being wholly 
dependent upion the former There has been no dearth of direct 
observations of one sort or another in rheumatic fever, but m spite of 
them, actual facts which lend themselves to statistical analyses along 
epidetmological Imes are few The difficulties seem to he primarily 
m the nonspecific character of many of the clmical aspects of this 
disease Some of its forms seem to be recognized with reasonable 
accuracy, but unfortunately no specific test has yet been devised to 
tell us when an individual actually has rheumatic fever, and we are 
thus unable to determme its true madence or distnbution 

With these hmitations in mmd we have made an attempt to study 
the spread of rheumatic fever through families, as an epidemtologtccl 
problem We have chosen the family as a umt for study, (a) because 
It represents a small group in which an tnhmate mvestigation may be 
earned out, and (b), because one of the striking things about rheu- 
matic fever is its high famihal madence, of which there is ample 
evidence (1) (2) (3) Cohn (4) has assembled figures obtamed by 
different observers on this pomt and calls attention to the fact that 
m so called rheumabc famfhes, 8-10 per cent of exposed persons are 
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infected, as against 2 9 per cent in the famihes of healthy controls 
Perhaps the most cogent observation with regard to the famihal 
mcidence of rheumatic fever is that of St Lawrence (2), who found a 
close resemblance to the famihal madence of tuberculosis We do 
not know, however, the relative importance of certain factors which 
may be responsible for this high famihal madence, such as (a), an 
hereditary predisposition to the disease, (b), common hvmg conditions 
which favor its development, or (c), direct contagion as a result of 
intimate contact Such problems are m themselves so complex that 
our study of them can only be regarded as a preliminary form of 
attack m which we have begun with a smgle aim namely to observe 
the relationship as regards time of onset, which multiple cases within 
a given family bear to one another 

METHODS 

The family approach The idea of considemg the family as a unit through 
which disease may spread is a concept which has proved of increasmg value in the 
study of human disease In the family one finds a concentration of common 
hereditary and environmental conditions m a group of mdividuals who are not 
only hvmg m mtimate contact with one another, but who are generally qmte 
consaous of their group life In the study of tuberculosis this approach has proved 
to be one of great value as emphasized by the work of Opie and his collaborators 
(5), and it is to this work that we are particularly indebted for our methods and 
concept of the subject 

Selection of families Patients were largely selected from the Children’s Cardiac 
Clinic of the New Haven Dispensary apd from the Cardiac Division of the Chil- 
dren’s Community Center of New Haven ^ 

In many instances mdividual children, generally accompamed by one of their 
parents, had been attendmg the Dispensary Clmic over a penod of years and were 
consequently familiar with Hospital supervisory methods, makmg them a rather 
favorable group for the imtiation of the study Children rather than adults were 
primarily chosen for this work, because rheumatic fever generaUv makes its first 
appearance durmg childhood, and because a family of children has proved to be 
an easier group to handle for our purpose, than a family composed largely of 
adolescents and adults These, however, were factors of choice, rather than of 
necessity and were not really of vital importance to our study 


^ The clmic, which has been m operation smce 1924, lists about 200 patients on 
its roll, 90 per cent of whom are suffermg from rheumatic heart disease The 
Cardiac Division of the Children’s Community Center (established m 1926) is now 
under the active supervision of one of us (R. S ) About half of its patients have 
been drawn from the Heart Clmic of the New Haven Dispensary 
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A senes of families were selected during the fall of 1928 In whom it was known 
that tiro or more membere had at some time suffered from at least one of the 
manifestations of rheumatic fever Selection was made on this basis because one 
of the mam objects of the study was to observe the relationship which existed 
between attacks m two members of a family group The material was further 
restricted to those families In which all the members bad prcviouslj been under 
medical supervision, through the medium of the New Haven Hospital and Dis 
pensary, for a reasonable penod of years Some of these records covered a period 
of twenty jears Particularly valuable m this respect were those families which 
had utilized the Dispensary ns their “familj doctor,” so to speak, and had attended 
regularly for all tnvial illnesses, ns well as those of a more serious nature. As this 
Dispensarv is the onlj general Dispensary at present in existence In New Ha\ en, 
we were fortunate In having umform and centralized records on this group of 
patients Occasionally it was necessary to dmw upon the records of other Hospi- 
tals* m order to fill In certain gaps. 

Method of family study ktlien aU available records of past illnesses in one of 
the selected famihes had been secured, an appointment was made through the 
agency of a social service worker for a visit to the home of the family , with an 
explanation of the purpose of the visit and with special emphasis on the fact that 
the entire family group should be at home at the appomted hour If any member 
of the family happened to be under the care of a practicmg physidan, the phy sidan 
was either seen personally, or called on the telephone by one of us. In order to 
explain our reasons for questiomng or examining his patient. Subsequently a 
copy of our findings on this and other members of the family was sent to the 
physician, if he so desired A visit was then made by one of us to the home. The 
living quarters were inspected and investigated Each member of the family 
who had not been seen in the Dispensary within a few weeks’ time was submitted 
to a physical exammation and adults were questioned with a view to the fillin g 
m of gaps m our records of their personal, social and past histones Careful and 
exacting inquiries were made with regard to changes m the family environment, 
such as the sites of previous hvmg quarters, and the dates on which the family had 
moved Other members of the household who had become established as members 
of the family group, whether relatives or otherwise, were Included in the studies 
Subsequent to the initial visit the home was visited by one of us at mtervals of two 
months, or more frequently if illness appeared m any member of the family group 

It will be seen that the attempt has been made to carry on the study in an mtl 
mate and personal manner, as we were annous to establish close contact with the 
conditions under which the disease naturally develops, rather than to study pa- 
tients who were isolated from their environment. Social workers* have been 


’ We are particularly indebted to Mr C H Dabbs, Superintendent of Grace 
Hospital, New Haven, for the privilege of examining some of the medical records 
of that institution 

* We are particularly indebted to Miss H F Ailing for her assistance in this 
aspect of the wort 
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infected, as against 2 9 per cent in the families of healthy controls 
Perhaps the most cogent observation with regard to the famihal 
incidence of rheumatic fever is that of St Lawrence (2), who foimd a 
close resemblance to the famihal incidence of tuberculosis We do 
not know, however, the relative importance of certain factors which 
may be responsible for this high famihal incidence, such as (a), an 
hereditary predisposition to the disease, (b), common hving conditions 
which favor its development, or (c), direct contagion as a result of 
intimate contact Such problems are in themselves so complex that 
our study of them can only be regarded as a preliminary form of 
attack in which we have begun with a smgle aim namely to observe 
the relationship as regards time of onset, which multiple cases within 
a given family bear to one another 

METHODS 

The family approach The idea of considering the famih as a unit through 
which disease may spread is a concept which has proved of increasing value in the 
study of human disease In the family one finds a concentration of common 
hereditary and environmental conditions in a group of individuals uho arc not 
only living in intimate contact i\ith one another, but who arc generally quite 
consaous of their group life In the study of tuberculosis this approach has proved 
to be one of great value as emphasized by the \\ ork of Opic and his collaborators 
(5), and it is to this work that we arc particularly indebted for our methods and 
concept of the subject 

Selection of families Patients were largely selected from the Children’s Cardiac 
Chmc of the New Haven Dispensary apd from the Cardiac Division of the Chil- 
dren’s Commimity Center of New Haven ^ 

In many instances individual children, generally accompanied by one of their 
parents, had been attendmg the Dispensary Climc over a penod of yc'ars and were 
consequently famihar with Hospital supemsorj' methods, makmg them a rather 
favorable group for the initiation of the study Children rather than adults uere 
pnmanly chosen for this work, because rheumatic fever gencrallv makes its first 
appearance durmg childhood, and because a family of children has proved to be 
an easier group to handle for our purpose, than a family composed largely of 
adolescents and adults These, however, were factors of choice, rather than of 
necessity and were not really of vital importance to our study 


^ The climc, which has been in operation since 1924, lists about 200 patients on 
its roll, 90 per cent of whom are suffermg from rheumatic heart disease The 
Cardiac Division of the Children’s Community Center (established m 1926) is now 
under the active supervision of one of us (R S ) About half of its patients have 
been drawn from the Heart Chmc of the New Haven Dispensary 
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A series of families were sdected during the fall of 1928 in u hora it was known 
that two or more members had at some time suffered from at least one of the 
manifestations of rheumatic fever Selection was made on this basis because one 
of the main objects of the study was to observe the relationship which existed 
between attacks m two members of a family group The material was further 
restncted to those famihcs In which all the members had previously been under 
medical supervision, through the medium of the New Haven Hospital and Dis- 
pensary, for a reasonable period of years Some of these records covered a period 
of twenty years Particularly valuable m this respect were those families which 
had utilized the Dispensary as their “lamil> doctor,” so to speak, and had attended 
regularly for all tnvial Illnesses, as well as those of a more senous nature. As this 
Dispensarv is the only general Dispensary at present in existence m New Haven, 
we were fortunate in havmg uniform and centralized records on this group of 
patients Occasionally it was necessary to draw upon the records of other Hospi 
tals’ m order to fill In certain gaps 

Method oj family study \lTien all available records of past illnesses in one of 
the selected families had been secured, an appointment was made through the 
agency of a social service worker lor a visit to the home of the family , with an 
explanation of the purpose of the visit and with special emphasis on the fact that 
the entire family group should be at home at the apfiobted hour If any member 
of the family happened to be under the care of a practlcmg physician, the phy sidan 
was either seen personally, or called on the telephone by one of us, in order to 
explain our reasons for questioning or examining his patient Subsequently a 
copy of our findmgs on this and other members of the family was sent to the 
physician. If he so desired A visit was then made by one of us to the home The 
hving quarters were Inspected and mvestigated Each member of the family 
who had not been seen in the Dispensary within a few weeks’ time was submitted 
to a physical examination and adults were questioned with a view to the fiUmg 
m of gaps m our records of their personal, social and past histories. Careful and 
eiactmg inquines were made with regard to changes in the famdy environment, 
such as the sites of previous living quarters, and the dates on which the farmly had 
moved. Other members of the household who had become established as members 
of the family group, whether relatives or otherwise, were included m the studies 
Subsequent to the initial visit the home was visited by one of us at Intervab of two 
months, or more frequently if illness appeared in any member of the family group 

It will be seen that the attempt has been made to carry on the study m an Inb 
mate and personal maimer, as we were anxious to establish close contact with the 
conditions under which the disease naturally develops, rather than to study pa 
tlents who were isolated from their environment. Social workers’ have been 


‘ We are particularly indebted to Mr C H Dabbs, Superintendent of Grace 
Hospital, New Haven, for the privilege of examinmg some of the medical records 
of that institution 

’ We are particularly Indebted to iliss H F Alhng for her assistance in this 
aspect of the work. 
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utilized for the arrangement of appomtments and for the gathenng of non-medical 
data, but aU visits made for purposes of ascertainmg data on the health of the 
family, were made by one of us This mass of detailed work has necessarily 
reqmred the restnction of the famihes under supervision to a relatively small 
number, which to date numbers fifteen 

Charting results In order to give a graphic representation of the life history of 
these famihes and of the incidents with which we have been concerned, a diagram- 
matic chart was designed for each family The method of charting is shown m 
figure 1 This figure reqmres a certain amount of explanation not shown on the 
diagram On the nght of the figure, the age of the family group, startmg at the 
bottom with the birth of the parents, has been marked m decennial, bienmal and 
annual periods, extending up to the point in time to which the study has been 
earned The life span of each individual in the family is designated by the vertical 
columns mdosmg space foj the chronological tabulation of illnesses Changes m 
family environment, as noted by change in address, are designated by horizontal 
hnes, the removal of one individual from the family environment by enclosmg the 
space about the life column 

On the left are the legends for tabulating illnesses These are recorded as 
follows the nght side of the column is for the entry of the legends representing 
symptoms, signs, etc , which may or may not be related to rheumatic fever, the 
left side IS for defimte evidences of activity of rheumatic fever, shown as black 
blocks, varymg in size according to our estimation of the degree and duration of 
the penod of activity The center of the life space is for the entry' of rheumatic 
cardiac lesions, which we have come to recognize as one of the most important 
evidences of rheumatic fever now at our disposal The first appearance of carditis 
has been designated in the form of a small Greek cross, and conbnued evidences of 
such a lesion, by a vertical hne projectmg from its top The number of times 
which each mdividual has been seen by a physiaan at home, m the Dispensary, or 
m a Hospital, is shown by the black dots and rectangular figures aligned on the 
left of the life column It is to be emphasized that these legends, markmg the 
times which the patient has been under medical observation, do not always mean 
that a complete or even an adequate physical exanunation was performed at each 
visit As a whole the dots represent the type of exammation which is apt to be 
performed upon patients attending the vanous dimes of a Dispensary Visits to 
the eye dime for purposes of refraction, and to the dental dime for the extraction 
of teeth, have not been mduded 
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RESULTS 

To date fifteen families have been subjected to the type of study 
outlined above, of which fi.ve examples are shown In some, data 
have been reasonably complete, in others there are large gaps A 
glance at the charts showing the number of times different members of 
the family have been under medical observation wdl give some idea 
of the degree of completeness with which the data have been gathered 

A repetition of the story of the dlnesses expenenced by each f amil y 
wfil not be attempted for it can be ascertamed from the chart How- 
ever, a few explanatory statements will be made to supplement the 
data on each chart 

In figure 2 (family 2 — Mn ) are recorded the data from a family with four 
children Unfortunately mtimate knowledge of the history of both parents is 
lacking The father, gave a clear cut history of having had what he was told was 
rheumatic fever when 10 years of age At that time he was confined to bed with 
fever and joint pams for a penod of months and was told that his heart was af- 
fected Durmg the subsequent twenty years he expenenced no untoward symp- 
toms and m recent years had been able to pursue the occupation of truck dnver 
until October 1928, when he began to suffer from a sore throat lasting over a 
penod of two months, accompamed by bouts of fever ^^^len first exammed in 
January 1929, he was stiU suffermg from his throat infection and also showed an 
over-active heart and evidences of mitral stenosis Subsequently he improved 
and has been without symptoms for more than a year Coinadent, or a few weeks 
previous, to the father’s illness the oldest child began to suffer from jomt pams, 
loss of weight, bronchitis, and on two exammations a systohc murmur was detect- 
able, which was not present in subsequent examinations In December 1929, 
also comadent with his father’s and sister’s illness, the younger brother (IViUiam) 
developed outspoken evidences of rheumatic infection with carditis which per- 
sisted for a year He was removed from the family environment and has been 
subsequently kept at the Children’s Community Center 

We have, therefore, three more or less synchronous attacks of illness in this 
family, two of which represent probable penods of activity of rheumatic fever and 
one of which ( William ) represents a definite penod of rheumatic activity In the 
father the illness was a recurrence, in the two children the illness probably repre- 
sented the first manifestations of rheumatic fever 
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Figure 3 (family 4 — Ds) Both of the parents were Jewish and had apparently 
hved at the same address smce the birth of the first child They were poverty 
stncken and hved practically m one room durmg this entire time In 1925, 
Jacob, the fourth child, developed rheumatic fever and was admitted twice to the 
New Haven Hospital Evidences of severe carditis did not appear until six 
months after his mitial attack, but were severe enough to require his removal to a 
Cardiac Home Interestingly enough at about this time a mitral lesion was 
picked up in the mother, although repeated previous exammations dunng her 
visits to the Dispensary for prenatal and other types of care, had faded to reveal 
this findmg No other members of the farmly showed evidences of rheumatic 
fever durmg the two j^ears subsequent to its first appearance However, in the 
fall of 1928 the mother entered the hospital with a flare-up of her infection, suffer- 
mg from severe carditis and cardiac fadure At the time of her admission she had 
been sucklmg Abie, the eighth chdd — aged one year He was also brought to the 
bosDital with the mother and found to be suffenng from fever and a skm rash, 
onginally thought to be measles His illness was brief and no satisfactorj’’ diag- 
nosis was reached Durmg the next year and a half, he was agam admitted to the 
hospital, his next older brother, who slept at home m the same bed with him, was 
also admitted to the hospital three times durmg this period, suffermg from bron- 
chitis and skm rashes of unexplamed ongm Transient evidences of a suspiaous 
cardiac lesion were picked up in both of these chddren m the course of the hospital 
studies 

We have m this famdy, observations on (a) an attack of rheumatic fever m one 
chdd Qacob), assoaated with the appearance of signs of rheumatic carditis in the 
mother, and later (b) the development of illness m two infants, one of which 
occurred synchronously with an attack of recurrent rheumatic fever m the mother 
WTiether the symptoms m these infants actually were those of rheumatic fever is 
questionable, but the balance of evidence would mdicate that such was the case 
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Figure 4 (family 12 — Me) Both father and mother were French Canadians 
and m 1917, seven years after their marriage, had moved to New Haven from 
Chicopee, Mass In 1921 the father, who was in the insurance business, died 
suddenly from what was thought to be Angma Pectons The family was left m 
rather straightened circumstances and became Dispensary patients about this 
tune As medical assistance had been previously rendered by pnvate physiaans 
we have no first hand records of the children’s previous illnesses or exammations 
In 1922, the three oldest children suddenly began to suffer from active manifesta- 
tions of rheumatic fever, all within a penod of sik weeks The fourth and youngest 
child also showed mild evidences of ill health, manifest by jomt pams and loss of 
weight The subsequent history of this family is relatively clearly shown upon the 
chart The oldest boy enlisted m the Umted States Navy but was discharged 
unfit, after spendmg a large part of his tune in the Hospital The youngest girl 
has shown persistent evidences of malnutrition to date with occasional transient 
jomt pains It seems probable that she has been suffeung from low grade rheu- 
matic infection although the diagnostic cntena are perhaps not qmte adequate 
The simultaneous onset m 1922, of what appear to be four cases in four children, 
IS stnkmg 
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Figxire 5 (Family 6 — De Gn) Both father and mother were Itahan Dimng 
their early mamed life they had shifted from one aty address to another but had 
finally moved to the fifth address, a house on the outskirts of the city, because 
they thought their lodgings m town were unhealthy It was at the town lodging 
(address no 4) m 1922 that the first manifestation of rheumatic fever had appeared, 
m the form of a bnef attack of chorea m the second child, and in the development 
of an early cardiac lesion m the third child The three youngest children also 
suffered from what seemed to be minor illnesses at this time (1922) , such as tonsil- 
htis, bronchitis, and otitis media Subsequently only one child has developed 
severe carditis but the three youngest children have developed suspiaous cardiac 
lesions, one of them m an attack of recognizable rheumatic fever It is also 
mterestmg that durmg the period when the children were showing evidences of 
low grade rheumatic fever the mother was bemg treated at the Dispensary for 
infectious arthritis 

It would seem, therefore, that m 1922 an epidemic of illness had swept through 
this family, which took the form of rheumatic fever m tw'o children, in the others 
it might be logically described as upper respiratory infection Subsequently some 
of the children m the latter group also seem to have developed rheumatic fever 
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Fig 5 Fautly 6 
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Figure 6 (family 1 — Bv) A Jewiah family ivhich had emigrated from London 
to New Haven m 1914 In neither parent were there evidences of the disease 
All of the four children have been under fairly close observation for at least 10 
y ears, all had rheumatic fever, and all have cardiac lesions In three the transient 
nature of cardiac signs are well shown 

An interesting feature in this group is that all of the children suffered from a 
senes of rather severe, upper respiratory infections over a penod of 2 to 6 years, 
pnor to the development of recognisable evidences of rheumatic fei’er Further 
more synchronous waves of illness have swept through this family from time to 
time in which two or more children have shown simultaneous periods of activity 
of their rheumatic infection Interestingly enough, dunng one of these penods 
the mother was attendmg the New Haven Dispensary for an illness thought to be 
infectious arthntis. 


DISCUSSION 

Our observations have been made upon only fifteen famibes and 
ate subject to many cntiasms of which the most obvious is, that the 
histoncal data concermng certain of the mdividuals tmder observa- 
tion are somewhat sketchy Furthermore the interpretation of our 
findings may only apply to the conditions under which the study has 
been made, namely in fomihes m which the madence of the disease 

IS high 

Our major aim was to observe the relationship as regards tune of 
onset, which multiple cases withm a given family bore to one another 
The results mdicate that the appearance of Other primary or recurrent 
bouts of rheumatic activity in certain members of these families has 
been frequently accompamed by the almost simultaneous (or the 
immediately subsequent) appearance of the disease m other members 
of the family This fact does not appear remarkable m view of the 
many reports of epidemics of rheumatic fever which have been re- 
corded, m houses (6) (7) (8), m barracks (9) (10) (19), in schools (11) 
(12) , and commumties (13) 

Another fact which has been observed is, that not only does the 
disease frequently make its first appearance almost simultaneously 
in several members of a given family, but penods of recurrent activity 
seem to sweep through a family m synchronous waves (cf fig 6) 
This latter observation is also in confirmation of a now fairly well 
recogmzed occurrence m juvenile rheumatic populations, namely, the 
epidermc manner in which severe flare-ups of rheumatic activity may 
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occur Boas and Schwartz (14) have described two such “epidemics” 
occurring m a ward of convalescent rheumatic children Hiller and 
Graef (15) have also descnbed a similar situation m a camp for chil- 
dren with rheumatic cardiac disease These examples do not represent 
true epidemics of rheumatic fever m the sense that new cases suddenly- 
appeared m a previously umnfected population Rather they are 
examples of simultaneous penods of “reactivation” apparently follow- 
ing, after a defimte mterval, an epidemic of some upper respiratory 
infection Our interest has been to differentiate such occurrences 
from the simultaneous appearance of new cases in a previously un- 
mvolved population, although we have occasionally found difficulty 
m determimng whether some of our cases actually occurred in virgm 
soil or not 

Still another mteresting finding associated with these family epi- 
dermcs has been the appearance of nonspec^jic types of iffness, 
such as (o) bronchitis, bronchopneumoma, skin rashes, and (&) rheu- 
matoid arthritis The first group of conditions have been prone to 
appear m children who have not pre-viously had rheumatic fever, 
often actmg as a “precursor,” so to speak of recogmzable forms of the 
disease Such phenomena might be explained on the basis of diffenng 
age and unmimological expressions of the host to the rheumatic virus, 
for there are few diseases in which the age of the patient determines 
the chmcal manifestations of the disease more than rheumatic fever, 
and it IS to be recalled that in famihes such as the ones selected above 
we are deahng -with groups of individuals of -widely diffenng ages It 
IS also to be recalled that the hmits of the chmcal picture of this disease 
have not as yet been determmed Our epidemiological studies there- 
fore offer an opportumty to broaden conceptions -with regard to the 
chmcal manifestations of this disease, particularly m what seem to be 
first attacks m very yoimg children 

An mterpretation of these observations from an etiological pomt of 
view offers certain complexities which do not readily lend themselves 
to analysis However, previous evidence and the evidence furmshed 
above, support the fact that rheumatic fever is an infectious disease 
We recall, however, that an appreaation of the pathogenesis of this 
and other infectious diseases embraces at least three major factors 
(i) the inatant, (ii) a susceptible host, (in) paths which facditate the 
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bringing together of i and u In rheumatic fever we arc not sure of 
the nature of any of these three factors, although it would seem that 
the second factor the nature of susceptibUity, must be of the utmost 
import m this disease, and one which has led some mvestigators to 
champion rheumatic fever as a disease in which heredity plays an all 
important rOle (16) (17), and others to champion the r61e of environ- 
ment (18) That environmental factors to which a whole family is 
exposed must be of some importance is shown by our observations 
that flare ups of rcctinenl activity of the disease seem to sweep through 
a family m synchronous waves Our findmgs are m accord with at 
least three current theoncs which have to do with susceptibUity in this 
disease (A) That crowding and the presence of any one of a vanety 
of upper respiratory infections is the important factor m spreading the 
unknoam virus by droplet infection (19) (B) That rheumatic fever 

IS essentially an environmental disease (18) , in which unknown fac- 
tors, perhaps havmg to do with dimatic conditions (20), housmg 
conditions (21) (22), or nutntional factors (23), pave the way to 
development of an infection of unknown etiology (C) That allergic 
phenomena ehated by bacteria, of the streptococcus group, may figure 
with great importance among the factors whicii predispose to the 
disease (18) (19) All three theones, together with the view that 
heredity* plays an unportant predisposing r61e rmght fit m with the 
limited facts which we have observed, and their further eluadation 
must await more extensive observation 

Nevertheless whatever may be the true nature of certam hypotheti- 
cal factors, which seem to be of great importance m predisposmg to 
the disease, our results indicate that, given the conditions under which 
the disease seems to flounsh, it acts epidemiologically like an infec- 
tion, often produang explosive primary or recurrent outbursts of 
activity m several mdividuals, who may show extremely different 
types of host response Dunng these epidemic waves, and m rheu- 

* An analysis of the rile of heredity may be more satisfactorily approached when 
control studies of this type (which are now in progress) are directed against groups 
of unrelated individuals who are hvmg m close piorumty to one another We 
have already found two tenement houses in New Haven m which manifestations 
of rheunmbe fever have appeared, more or less simultaneously, in several children 
representmg two different families 
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matic faxmlies in general, children between the ages of 4 and 12 seem 
to be particularly prone to develop the infection The ages at which 
this susceptibihty reaches its height and begms to dimimsh, wdl be 
discussed m a subsequent paper (26) 

SUMMARY 

1 The spread of rheumatic fever through famihes strongly suggests 
that we are deahng with an infection, in which the important r61e of 
environment, and of an hereditary predisposition to the disease, is as 
yet undetermined 

2 The sudden appearance of what seem to be both primary and 
secondary outbursts of rheumatic activity m certain mdividuals has 
been frequently accompamed by the appearance of recogmzable forms 
of the disease m other members of the family group, and not infre- 
quently by the simultaneous appearance of nonspecific types of illness 
such as bronchitis, bronchopneumoma, skin rashes, and rheumatoid 
arthritis We have therefore an unusual opportumty to broaden our 
conception of the disease by this approach 

3 Not only do several cases seem to be mitiated simultaneously, 
but periods of recurrent activity of the disease seem to sweep through 
a family m synchronous waves, dunng which time new cases may also 
appear 

4 These findmgs have been discussed in the hght of current theones 
deahng with the pathogenesis of rheumatic fever 
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One expression of our changing views with regard to rheumatic 
fever is the mcreasmg importance being attached to juvemle forms of 
the disease Older figures on the age inadence of this disease were 
based largely upon the inadence of both the primary, and recurrent 
attacks Such figures minimized the importance of childhood as the 
pienod of greatest susceptibihty For instance in Roily’s monograph 
on rheumatic fever (1), published in 1920, he hsted the age inadence 
of all penods of activity m a senes of 1450 cases, and from these figures 
found, that only 4 per cent of the attacks occurred in the first decade 
of life, 40 per cent m the second, 39 per cent m the third, etc The 
conclusion reached was that rheumatic fever found its highest ma- 
dence m the second and third decades of life If, on the other hand, 
a senes of cases is analyzed for the age madence of first attacks, a very 
different result is obtained, showmg that by far the greater number of 
imtial mamfestations of the disease occur m the first decade of hfe 
This fact now seems well established among groups of patients attend- 
mg hospital dimes m large aties, although we have no data on rural 
populations 

Our present views with regard to the age madence of first attacks 
may now be bnefly reviewed as follows it is apparently rare, although 
not exceptional, to find the disease durmg the first year of hfe Most 
of the cases which have been recorded m young infants were bemg 
nursed by mothers who were suffermg from active phases of the disease, 
a fact which is of importance not only from the standpomt of age sus- 
ceptibihty but also from that of the transmissibdity of the disease 
Equally important are the isolated case reports, mentioned by Rich- 
dorf and Griffith (2), of apparent congemtal acqmsition of rheumatic 

S3 



54 


AGE SUSCEPTIBILITY IN EHEUMATTC EEVER 


fever These descnbe instances of the disease occurring in women 
who were pregnant, to be followed by the birth of an infant who within 
one or a few days apparently showed manifestations of rheumatic 
fever 

After the age of one year there is a rapid nse in the madence of first 
attacks, reaching a peak between 5 and 15 years In England, Poyn- 
ton’s senes (3) showed an average age at onset of 7, Coombs’ senes 
(4) of 10 In New York City, Wilson et al (5), who made extensive 



Fig 1 The Age Incidence of First Attacks oe Rheumatic Fever 


statistical studies on a senes of 413 children, rangmg m age from 
infancy up to 22 years, observed dunng a ten-year penod, that in 98 4 
per cent of their cases, mitial infection occurred before the age of 15, 
the average age at onset was 7 3 years Mackie (6), also m New York 
City, has attempted to detenmne the age madence of mitial attacks 
from a senes of 472 mdividuals, drawmg on historical data for his 
facts The results of both of these analyses are shown in figure 1 
Their differences may be dependent both upon the manner m which 
the data were obtamed, and the manner m which the senes of cases 
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were selected, but both emphasize the S-15-year period as one m which 
the disease is generally acquired The attempt has also been made 
to deade from these and other data, just where suscepbbflity to 
rheumatic fever reaches its height and where it begins to dimmish 
Wdson et al (5) beheve that rheumatic infection, concerns itself 
pnmanly with children of the grade school age of 6 to 14, and that 
about or before the age of twelve, the tendency to infection begins to 
dimmish 

Caution must be exercised m makmg generalizations from the figures 
quoted above when we recall for instance that Wilson’s group was 
drawn from a juvemle population m which the factor of imtial selec- 
tion IS of the utmost importance, for if rheumatic fever adheres to 
the pnnaples gmdmg the spread of other infectious diseases, it owes 
Its inadence to many factors, including the faahty with which it may 
be spread, as well as the size and character of the susceptible popula- 
tion 

With these pomts in view it has seemed mterestmg to analyze this 
situation as it occurs in famihes in which the madence of the disease 
IS high Here again one is deahng with a ngidly selected population 
but the data would seem to be valuable because, besides determming 
the age madence of mitial attacks m the family senes, one has the 
further opportumty of hsting the ages at which exposure to familial 
infection, first and subsequently occurred 

ItElHODS 

The method of selecting the famihes and of assembhng and recording 
the data, has been desenbed m the preceding paper (7) Fourteen 
famihes were available for the present study, representing 99 individ- 
uals 24 parents and 75 children, covenng an age group extending 
from infancy up to 50 years, although a gap occurs between the ages 
of 18 and 33 In order to facihtate our statistical analysis, a chart 
was devised on which each of the individuals has been designated by a 
vertical Ime, correspondmg m length with the mdividual’s age. These 
hnes have been punctuated by legends, designating the foUowmg 
three episodes (a) Exposure to familial infeclton This has been 
defined as follows when any member of a given household suffered 
from an active phase of rheumatic fever it was presumed that all of the 
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other members hvmg at home at that time, were exposed As some 
of these active phases were prolonged, it was often difficult to say- 
just when exposure ended and whether multiple exposures occurred 
Such prolonged attacks have, however, been recorded as a smgle 



Fig 2 The Age DisnoBimoN of Attacks of Rheumatic Fever in 99 Individ- 
HAis, WITH Special Reference to Acquisition of the Disease 
Following Familial Exposure 

exposure dated from the onset of the attack (b) Exposure to faimltal 
tnfechon as defined above, with acqtmthon of the dtsease Instances of 
this kmd are represented by the development of an active phase of 
rheumatic fever m any member of the household -withm a penod of 4 
weeks foUowmg the development of the disease m another member of 


JOHN R PAUL 


57 


the family In a few instances several cases have appeared almost 
simultaneously m a given family All of these cases may have been 
examples of acquisition of the disease from extra-famihal sources 
Under these arcumstances, I have assumed as an arbitrary pnnaple, 
that one of the cases represented extra-famihal infection, the others, 
mtra famihal infection (c) Acqutstlton of the disease, ml explainable 
on the basiS of famtltal infection This has been defined as the appear- 



Fig 3 The Percentage Rates at WmcH Individuais or Different Ages 
Acquired Rheohatic Fever, Foixowino Fauilial Exposure 


ance of a primary or recurrent active phase of the disease m a member 
of a household, m which no other members of the family group had 
shown active evidences of rheumatic fever withm a period of 6 weeks 

RESULTS 

In figure 2 is shown a chart constructed on the basis just described 
It shows the age distribution of the cases, and rou^y the penod 
dunng which they have been under observation It shows a concen- 
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previously suffered from any manifestations of the disease, rheumatic 
fever was acquired m association with famffial exposure, at the rate of 
25-35 per cent 

Among children between 5 and 12 years of age who had already 
survived an mitial attack, recurrences were noted m association with 
famihal exposure at the rate of 35-60 per cent, decreasmg as age in- 
creased, but representmg a markedly enhanced susceptibffity dunng 
adolescence 
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Pellagra is almost umque among major diseases in the scaraty of 
accurate information concermng it There is still uncertainty about 
its etiology, the nature of its pathologic lesion is obscure, the diagnosis 
in atypical cases is a mere matter of opmion, and there are no adequate 
entena for cure or for prognosis The peUagrm who remams iU for a 
prolonged penod may be sufiermg from chrome pellagra or may be 
suffering from some mysterious sequel rather than the disease itself 
Prognosis is based chiefly on mass statistics largely unmodified by the 
dimcal features of the individual patient Even the causes of death 
are httle understood Pellagrins frequently die unexpectedly when 
apparently convalescent The treatment at present is highly unsatis- 
factory More than 25 per cent of the peUagnns admitted to the New 
Orleans Chanty Hospital die m the hospital, m spite of treatment along 
the most approved Imes The treatment is dietary and syiftptomabc 
The dietary is based on mexact knowledge of the dietary fault to be 
overcome The symptomatic treatment rests on imperfect knowledge 
of the disturbed physiology represented by the symptoms Pellagra 
takes a vanety of dmiral forms, so that some wnters have suggested 
that what is called pellagra is a mixture of diseases rather than an 
entity If typical skm lesions are accepted as a stiie qua non there can 
be httle doubt that pellagra is a umque disease for there is hardly 
any lesion m mediane more distmctive clinically Even with classic 
skm lesions the cases fall mto sharply contrastmg groups The 
mechanisms which brmg this about are qmte mysterious The studies 
upon which this and subsequent papers are based were undertaken 
with the behef that there was no better mode of attack on many of the 
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problems of pellagra than the accumulation of more exact knowledge of 
the disturbed physiology 

All patients studied were in-patients of Charity Hospital, and aU had 
typical skm lesions of pellagra together with other evidences of the 
disease 

Detailed methods will be presented as mdicated m subsequent papers 
of this senes 

The first study was usually made one or two days after admission 
to the hospital, and with few exceptions the blood volume was deter- 
mined each time blood was taken for chemical study The studies 
were repeated, provided the patients remamed snffiaently long under 
observation, at mtervals of from 5 to 15 days All patients were given 
dunng their stay m the hospital a speaal “pellagra diet ” This diet 
has a daily calonc value of 2500 to 3500 calones, contams more than 
100 grams of protem, a part of which is hver or sweetbread, and con- 
tams an abundance of green leafy vegetables and 500 cc buttermilk 
It IS given to patients with diarrhea m bland form, and, when necessary, 
a hqmd diet of similar caloric value was given by gavage Routmely 
there was mcluded for the vitamm content 30 cc of fresh brewer’s 
yeast three times a day, 150 cc of orange or lemon juice daily and m 
addition some of the patients received 4 cc of cod hver ofi. three times 
a day The nurses usually took espeaal mterest m their pellagrms 
and m their nutntion and fluid mtake 

No particular effort was made to influence by treatment the de- 
rangements of physiology revealed in these studies Therapeutic 
studies are to be made later In the present studies pellagra was ob- 
served under what has been considered an excellent regimen 

The detailed chmcal information, the blood volumes, and the results 
of chemical studies are shown for 42 cases m table 1 

The peUagnns which we have studied made a fairly representative 
group The proportion of severe cases of pellagra is much greater in 
hospital than m general practice, but mild forms of the disease are also 
present 

In subsequent articles (1, 2, 3, 4) detailed procedures wfll be pre- 
sented and the results of the physiologic mvestigations analyzed and 
discussed 
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SUMMARY or CLINICAL DATA 

Detailed climcal data obtamed from a study of 42 pellagnns are 
recorded m one table which also includes the results of detennmations 
of curculatmg blood volume, serum albumin and globuhn, serum cal- 
aum and inorgamc phosphorus, of plasma chlondes, of carbon dionde 
combimng power, and of serum total base 
The group of patients consisted of 6 white men, 9 white women, 9 
negro men, 16 negro women, and 2 negro children Twenty were less 
than 30 years old and 36 were less than 50 
Thirteen patients, 31 per cent, died in the hospital 
Thirty nme had had no previous attacks of pdlagra, 3 had had at- 
tacks 1 to 7 years previously 

Eleven patients of the group had other diseases Syphilis, 5, two 
with heart disease, stneture of the rectum, 4, active gonorrhea, 1, 
intestmal tuberculosis, 1 

Fifty-mne per cent of the patients were more than 20 per cent 
underweight and 35 per cent more than 30 per cent underweight, and 
10 per cent were overweight 
Eight patients showed edema 

The skin lesions at the time of the first study showed erythema in 
26, 62 per cent, 9 of the 26 showed recurrent lesions m the presence of 
older unhealed lesions 

Voimting was a senous problem m 2 patients 
Glossitis was present m 26, 62 pier cent, diarrhea m 25, 60 per cent 
Gastric analysis was done m 34 and achyha found in 29, 60 per cent, 
of the entire group , hypoaadity m 3, and a normal aadity m 2 patients 
Seven patients were dehnous, 2 were comatose and 1 smadal, a 
total of 10, 24 per cent, with psychoses 
Six patients showed evidences of penpheral neuritis 
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The only determinations of serum protein m pellagra previously 
reported are those of Balhf, Rennescu and Rezrac (1) They used the 
comhmed relractometnc and viscometnc methods m the study of 60 
pellagrins They report only the average and range of their results 
The average total serum protem was 7 3 per cent, and the range from 
9 3 per cent to 5 per cent They noted a tendency to abnormally 
low albumm globuhn ratio 


METHODS 

Blood for analysis was drawn after an over mght fast It was col- 
lected under oil without stasis orexposure to air and without anticoagu- 
lant, and time was allowed for dottmg and retraction of dot After 
centnfugation the serum was pipetted off Serum albumm and globu- 
hn were detenmned by Greenberg’s method (2) This method em- 
ploys Howe’s procedure for separation of the fractions by precipitation 
of globuhn with sodium sulphate and Wu’s (3) method of colorimetric 
estimation The phenol reagent of Fohn and Ciocalteu (4) was used 
Values obtained by this colorimetric method agree dosdy with those 
obtained by the Kjeldahl method 

The patients were kept throughout on a daily diet described else- 
where (5) contammg more than 100 grams of protem of good biological 
quality and rich in vitamms 
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RESULTS 

Determinations of serum albumm and globulin were made on 129 
specimens of blood from 42 cases of undoubted pellagra The results 
are recorded along with other physiological data as weU. as the clmical 
information m tabular form m the first paper of this senes (5) Case 
numbers used m this paper refer to those listed in table 1 of the first 
paper The serum albumm and globuhn and albumin-globuhn quo- 
tients are shown graphically m figure 1 These data are further 
analyzed m the histograms of figure 2 and m table 1 of this paper 

TABLE 1 


Summary of the serum albumtn and globuhn values 



Pellagrms 

Normal standards 


Aver- 

age 

Median 

Range 

Aver 

age 

Range 

Albumin 

Highest value for each patient 

Lowest value for each patient 

tms per\ 
JOOcc 

3 530 
3 035 

sms ptT 
100 u 

3 600' 
3 093 

sms per 
100 cc 

5 46-1 71' 
4 22-1 64' 

sms per 
100 cc 

4 80 

sms per 
100 u 

5 65-4 20 

Globuhn 

Highest value for each patient 

Lowest value for each patient 

2 690 
2 348 

1 

2 500 
2 250 

5 11-1 19 
4 18-1 19 

1 90 

2 91-1 32 

Total protein 

Highest value for each patient 

Lowest value for each patient 

1 

6 140 
5 433 

6 125 
5 430 

7 84-4 19 
6 85-3 42 

6 70 

7 65-5 60 

Albumm-globulm quotient 

Highest figure for each patient 

Lowest figure for each patient 

1 509 
1 277 

1 625 
1 316 

2 62-0 45 
2 62-0 45 

3 19 

4 20-2 20 


The determmation of values for a large group of healthy mdividuals 
of the same race, age, and sex distribution as the pellagrms we have 
studied wfil probably reqmre several years It is difl&cult to secure 
for study healthy subjects in the older age groups, particularly the 
colored The values we now have agree with those reported by other 
authors who used methods which give values comparable to the colon- 
metnc method Our tentative standards for the normal serum pro- 
tein values are derived largely from data by Bruckman, D’Esopo, and 
Peters (6) and Wiener and Wiener (7) and are shown m table 1 
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Albinmn 

When only the highest albumin value for each pellagnn was con- 
sidered, 4, or 10 per cent, fell within the range for normals, while 38 or 
90 per cent were below the lower limit for normals When the lowest 
value for each case was considered all were below the normal range, 
and 18 or 43 per cent were less than 3 per cent, a dcadedly low value 

Changes m serum albumin content while the patient was under ob- 
servation seem of particular interest Wiener and Wiener consid- 
ered 10 per cent change m an mdividual’s serum protein level as the 
limit of physiologic vanation I have considered changes of greater 
than 12 per cent as bemg of possible pathologic sigmficance Thirty 
of the patients were studied more than once, 11 of these, or 27 per 
cent, showed no significant change in serum albutmn concentration, 
while 14, or 47 per cent, showed decrease of more than 20 per cent, and 
3, decrease of at least 40 per cent Five patients showed definite 
mcrease m serum albutmn while under study In one (case 17) the 
change was undoubtedly due to dehydration from diarrhea and vom- 
itmg For two (cases 19 and 24) the penod between studies was 
short and the results could be partially explained by changes in plasma 
volume Due to the fact that the patients left the hospital before 
other studies could be made, it is not known whether the gams were 
more than temporary However, there was some mdi cation of a re- 
turn to normal In another patient of this group (case 32), after a 
month of gradual gam in serum albumm, there was a definite loss 
In only one patient (case 20) was there a return to approximately nor- 
mal serum albumm values m association with stnkmg chmeal 
improvement 

The graph m figure 3 represents an effort to mvestigate correlation 
between the state of nutation and the serum albumm concentration 
For each patient the percentage deviation from ideal body weight is 
plotted against the percentage deviation from average normal serum 
albumm values The lowest weight and the lowest figure for albumm 
for the penod the patient was bemg studied were used Serum albu- 
mm concentration was not always lowest for a given patient when the 
body weight was at its lowest. The appearance of edema sometimes 
caused body weight to nse even though serum albumm fell The m- 
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terval between the time of lowest body weight and the tune of lowest 
senun albumm concentration was never more than three weeks and 
usually only a few days Standard for ideal weights were those of 
Tables IV and IX of “Medico Actuary Mortahty Investigations” ac- 
cording to sex, age, and height These tables, of course, give average 
weights, but may be used satisfactorily for determining for a given 
patient the ideal weight Inspection of the spot graph shows for the 
whole group doubtful correlation between serum albumm and faU of 
weight However, for a considerable number of the patients there 
appears to be correlation of some importance, the exceptions faU mto 
mterestmg groups Of those whose body weights were higher m pro- 
portion to serum albumm level, three (cases 38, 39, and 14) were 
characterized by the absence or mildn ess of gastro-mtestmal symp- 
toms One (case 10) had asates due to tuberculous pentomtis and 
edema of the extrenuties associated with severe anemia In three 
(cases 40, 11, 36) the disease was fulminatmg and rapidly fatal 
These instances suggest that faU m serum albumm may be a more 
sensitive mdex of disturbed nutntion m peUagra than is loss of body 
weight Two (cases 9, 33) showed high globuhn concentrations 
There were fewer patients whose body weights were proportionately 
lower than their serum albumm levels One (case 4) had syphihs, 
another (case 25) was not studied until after aU major symptoms of 
peUagra had disappeared When these eleven exceptions are ex- 
cluded from the group, those remammg are too few to justify statisti- 
cal analysis For the whole group the coefficientof regression ofweight 
on serum albumm was 0 26 ±0 16 
The relationship of serum protem concentration to edema m the 
group of peUagrms was not dear One patient (case 3) devdoped 
shght generalized edema when the serum protems feU to very low 
levels and another (case 2), with almost equaUy low serum protems, 
showed only shght dependent edema The latter suffered from 
diarrhea Three patients (cases 21, 23, 11) showed no edema m 
spite of low serum protems Four patients (cases 9, 15, 18, 22) who 
had no edema had serum albumm values of less than 3 per cent, but to- 
tal protems were above 5 per cent One patient (case 10) with asates 
and tuberculous pentomtis showed marked edema when the serum al- 
bumm was between 2 50 per cent and 3 per cent and the total protems 
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5 per cent or 6 per cent In this case there was an extremely high plas- 
ma volume and a very low hematocrit reading The patient suffered 
from dyspnea on shght exertion Three patients (cases 16, 17, 20) 
showed edema when the serum proteins were practically normal Two 
of these (cases 16, 17) showed marked ohguna due to diarrhea and vom- 
itmg, and edema appreared a short time before death One patient 
(case 26) was so edematous five days before our study that unwar- 
ranted diagnosis of congestive heart failure was made although edema 
had disappeared at the time of our study Her serum albumm was 
3 16 per cent and total protems 4 75 per cent , 

Diarrhea 

For 26 patients (cases 1 to 26) diarrhea was a symptom of consider- 
able importance, whilenn the remaimng 16 (cases 27 to 42) there was 
no diarrhea or it was either nuld or of bnef duration Considenng 
only the lowest serum albumin value for each patient, the average for 
the group with diarrhea was 5 per cent lower, and the average for the 
group without diarrhea 8 1 per cent higher, than the correspondmg 
general average for the whole group of 42 pellagnns When only 
high alb umin values were considered the differences between averages 
was m the same direction but of less magmtude 
The value of serum albumm concentration as an index of seventy 
of pellagra may be judged by examimng the values for the fatal cases 
Considenng those who died withm three weeks after study, and were 
not known to suffer from heart disease and were not dehydrated, there 
were 9 cases The average for their lowest serum albumin was 2 20 
per cent as compared to 3 03 per cent, the correspondmg figure for 
the group as a whole 

Globulin 

The histogram m figure 1 shows the tendency to high serum globu- 
hn values m our group of pellagnns When only the highest value 
for serum globuhn for each patient was considered, only three, 7 per 
cent, were less than 1 90 per cent, which is an average value for nor- 
mal globuhn, and when the lowest value for each patient was consid- 
ered, there were only 9, 21 per cent, with figures 1 90 per cent or less 
There were 13 patients m the group whose highest globuhn values 


Tire JoimxAi. or cLnncAi. nrrrrnoATiOK roux,Ko 1 
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were greater than 3 per cent Two had luetic heart disease (cases 
18 and 31) another (case 4) a positive Wassermann reaction without 
clinical evidence^of syphihs, four (cases 2, 24, 28, 32) had stricture of 



Fig 2 Histograms Showing Distribution of Values for Serum Albumin, 
Serum Globulin and Albumin-Globulin Ratio 


the rectum One patient of the 13 suffered from mtestmal tubercu- 
losis (case 10), and another had active gonorrhea (case 9) Four of 
the 13 patients (cases 15, 36, 48, and 22) had no comphcations, but 
had such severe skm damage as to mvolve tissue necrosis When one 
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excludes the globulin values for the above mentioned 9 patients with 
syphilis, tuberculosis, gonorrhea and stricture of the rectum, and the 
values for two other cases of s5iphilis, the tendency toward high glo- 
bulm values becomes much less pronounced The average of the 
bghest values for the 31 uncomphcated cases was 2 415 as compared 
to 2 690 for the entire group of 42 The median was 2 324 as com- 
pared with 2 500 



Fig 3 Spot Graph Showinc Relationship between Underweight and 
Concentration of Seruu Albumin, Based on Lowest Single Weight 
AND Lov.'est Serum Albumin Value tor Each Patient 
Line shows regression of weight on serum albumin 

The concentration of serum globuhn m a given mdividual tended to 
be much more constant from week to week than that of albumm 
Three patients (cases 28, 32, 34) showed irregular fluctuation m glo- 
buhn concentration It may be of some mterest that they suffered 
from neuntis Two patients (cases 33, 35) improved clmically as 
serum albumm values gradually fell and the globuhn concentration 
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increased One patient (case 17) died soon after a definite drop in 
globulin Another patient (case 2) began a steady decline clinically 
and in serum albumm concentration immediately after a bnef period 
of decreased globuhn concentration 

Total Froteins 

As mdicated by the histograms m figure 2, total serum protems, 
that IS albumm plus globuhn, tended to be low m our group but less 
stnkmgly so than albumin, due to the many high figures for serum 
globulin Considermg only the highest value for each case, there 
were 11, 26 per cent, with total serum pro tern concentration of 6 70 
per cent or more while 31, or 74 per cent, were less than this normal 
average However, 31, or 74 per cent, of the 42 cases showed total 
protem values m the normal range, that is 5 60 per cent or greater 
When only the lowest value for each case was considered aU but two, 
95 per cent, were below the normal averages, 15, or 36 per cent, were 
within the range for normal and 27, or 64 per cent, were below 5 60 per 
cent, the lower limit for normals 

DISCUSSION 

Our knowledge of the physiology of the serum protems is still ex- 
tremely meagre, and any explanation given at present for abnormal 
serum protem levels is based on mcomplete evidence However, the 
work of Kohman (8), Maver (9), and Fnsch, Mendel and Peters (10), 
on experimental animals has shown that protem starvation produces 
a reduction m serum protems Low serum protems were found m 
patients suffermg from maLnutntional edema by Schittenhelm and 
Schlecht (11) and by Jansen (12) Bruckman, D’Esopo and Peters (6) 
studied the serum protems m poorly nounshed patients with diabetes, 
with obstructions of the gastro-mtestmal tract, and with chrome pul- 
monary infections and found low values Wiener and Wiener (7) 
found low albumm values m patients with a vanety of mf ections Them 
report does not mention the state of nutntion 

It has now become well known that there exists, m certam types of 
nephritis, lowermg of serum protems, espeaaUy of albumm This 
IS espeaaUy true of those patients who suffer from prolonged, marked 
albummuria Repeated exammations of the urme for albumm m our 
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cases excluded albummuna as the mechanism responsible for low 
serum albumin 

Many observers have been impressed with the faulty or inadequate 
protem of the pellagnn’s dietary It has been considered by many 
as the chief factor m the pathogenesis of the disease If protem star- 
vation were a major cause of the disease, one would expect to find low 
serum albumin m the early stages of pellagra. The patients who were 
studied m the very early stages of the first attack showed values nearly 
normal This obsen'ation m addition to the observed tendency for 
serum albumin to fall after the diagnostic evidences of pellagra had 
disappeared, has led me to suspect that the low serum albumin con- 
centration was a result of piellagra, and represents impaired digestion 
or absorption of protem, and is dependent upon injury to the alimen- 
taiy tract by pellagra It is a well Lnomi fact that damage to the 
nhmentary tract m pellagra is a frequent if not mvanable occurrence 
It may involve any portion of the alimentary mucosa from Ups to 
anus, and has been described histologically by Denton (13) as degen- 
erative m character This mjury is manifested clmically by glossitis 
or stomatitis, by dysphagia and esophageal pam, by vomitus streaked 
with,blood m certain very severe cases, by diarrhea and abdominal 
discomfort and by injection of the rectal mucosa as viewed through 
the proctoscope Many observers have been impressed by the idea 
that, m a given patient, pellagra may involve, predominantly, only 
one s>stem, whether this be the skin, alimentary tract or nervous 
system, and causes httlc or no damage to the other systems When 
the alimentary tract of peUagnns, who died durmg the earlier stages 
of the disease, was examined at autopsy the distnbution of injury, as 
mdicated by areas of injection, superfiaal erosion or ulceration, was 
found to be quite irregular In one instance the mouth and esophagus 
and lower colon showed the greatest damage, while in another the up- 
per small mtestine was chiefly involved Even in a given portion of 
the small mtestme itself, the injury seems to involve irregular patches 
of several square centimeters m area, leavmg others apparently un- 
damaged The value of the available histological studies of the ali- 
mentary tract m pellagra is unpaired by the possibUity of postmortem 
auto digestion, by an msuffiaent vanety of cases, and by madequate 
correlation with clinical study The pathologist reported extreme 
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atrophy of the mucosa of the small mtestme for the pellagrm, (case 3) 
who, m spite of takmg an excellent diet, was the most stnkmg example 
of undemutntion 

It IS evident from the work of others, already cited, that low serum 
albumin is to be found m many conditions I have studied a variety 
of gastro-mtestmal conditions, especially those with diarrhea as a 
chief symptom, and have found low serum alb umin m a number Se- 
rum albumin may faU rapidly m acute baciUary dysentery, but it is 
stnkmg how rapidly it may return to normal with termmation of the 
disease In acute dysentery it is easy to imagine that there is a con- 
siderable loss of serum protein from the mtestmal mucosa as a part of 
the exudative inflammatory processes This may also happen in pel- 
lagra durmg the stage of acute damage to the ahmentary tract Three 
cases of chronic moderately severe diarrhea, apparently non-pellag- 
rous, were foimd m which there were normal serum proteins 

It IS possible that mjury to the pancreas may occur m pellagra re- 
sulting m deficient secretion of the proteolytic enzymes In another 
article of this senes (14), evidence is presented to show that m pellagra 
serum electrolytes are frequently dimmished This probably repre- 
sents excessive loss of electrolytes m the feces Excessive secretion 
of pancreatic jmce may be involved, followed by a period of 
hypofunction 

These data suggest that, m many instances, the dependent edema of 
pellagra is due to decreased colloid osmotic pressure of the blood 
plasma Goldberger and his co-workers (15) considered the edema 
m then- group of peUagnns, m the Georgia Insane Hospital, as evidence 
of benben The edema of benberi is not weU imderstood and may 
Itself be due partly to low serum protems Most of our patients had 
been takmg abimdant antmeuntic vitamin Why some pellagrins did 
not develop edema in spite of low serum albumin is not known Low 
hydrostatic pressure m the capillaries is one possible explanation, 
smce there was defimte arterial hypotension in these particular pa- 
tients as well as in nearly aU the other pellagrms Another possible 
factor is the ease with which water escapes from the serum into the 
lumen of the gut m assoaation with diarrhea Low electrolyte con- 
tent of the tissues may be of importance 

The very low serum albumm m the patients who died of pellagra, 
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and the relatively normal values m those with mild pellagra mdicate 
that determmations of serum albumm are of importance as furnish- 
ing an mdex of seventy of the disease, and as a basis for prognosis 
Is one justified in demanding that serum albumm return to normal 
before classifying the patient as cured? If my suggestion that the 
pellagrm’s mabihty to build up serum albumm to a normal level is due 
to damaged digestion, is supported by further work, then the situation 
of a pellagrm suffenng from malnutntion, m spite of adequate diet, 
will be similar to that of a patient who has passed through one attack 
of acute nephntis and then suffers from impaued kidney function 

SUMMARY 

Determinations of serum albumin end globuhn are reported for 129 
specimens of blood from 42 piellagnns and the results analyzed m 
table, graph and histograms 

Every patient, at some time dunng the penod of study, had a serum 
albumm value below 4 20 per cent, and 95 per cent of the patients had 
at least one value less than 3 per cent 
There was httle tendency for serum albumm concentration to return 
to normal, and frequently there was a considerable decrease dunng the 
consumption of a diet adequate in protein and vitamms 
Two patients died long after characteristic evidences of pellagra had 
disappeared, and in spite of takmg an excellent diet, with a serum pro- 
tem content similar to that seen m protem starvation The mechan- 
ical effects of diarrhea on digestion did not seem to constitute a major 
factor m the chrome malnutntion observed 

For part of the group, the decrease m concentration of serum albu- 
mm seemed to be proportional to the degree of undemutntion as m- 
dicated by body weight Exceptions were chiefly mdividuals whose 
body weights were higher for their serum albumm values than the 
remainder of the group and who had very mil d gastro-mtestmal symp- 
toms or fulmmatmg rapidly fatal pellagra or edema, or whose serum 
globuhn values were high 

Serum globulm concentration tended to be shghtly mcreased m the 
patients with uncompheated pellagra, except m the patients with skm 
necrosis, certam chrome mfections and stneture of the rectum, who 
showed moderate mcrease 
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Total serum protein concentration tended to be low but not as low, 
relatively, as serum albumin 

CONCLUSIONS 

In peUagnns there is a tendency toward low serum albumin con- 
centration, which seems to develop after the disease is mamfest and 
frequently remams long after the diagnostic evidences of the disease 
have disappeared and in spite of adequate diet 

It IS suggested that the abnormahty is one of disturbed digestion, 
causmg difficulty m the absorption of pro terns, dependent upon injury 
of the digestive system by pellagra 

Serum protem deterrmnations are of value m estimatmg the sever- 
ity of pellagra and in furnishing one criterion of cure 
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Interest m the calaum and phosphorus metabohsm of peUagra was 
based duefly upon the chmcal observaDon that sunshine is injunous to 
the peUagnn This caused the disease to be compared with nckets, 
which is prevented or cured by sunshme The two diseases afford a 
number of mterestmg contrasts Rickets is a disease of the penod of 
most rapid growth, particularly during infancy, early childhood and 
adolescence, while these are the age penods showing the lowest ma- 
dence of pellagra (1) Rickets develops in the winter and early spnng 
and disappears during the summer, while pellagra appears m the late 
spnng and summer and pracbcally disappiears m winter Rickets is a 
disease of aties, and pellagra of the rural distnets Childbearmg 
and lactaDon seem to be predisposing causes for both pellagra and 
osteomalacia, which may be considered a form of nckets As far as 
mjunous effect of hght is concerned the relation to pellagra seems 
to be chiefly with lactation rather than pregnancy Siler, Gamson, 
and MacNeal (2) brought out statisDcal evidence to show that, m 
pellagra, the penod of gestation is a penod of resistance to pellagra, as 
far as the manifestation of erythema is concerned They also showed 
that the first three months after childbuth might be a time of great 
susceptibihty to the erythema of pellagra for the mother, particularly 
if delivery occurred dunng the first eight months of the year If 
childbirth occurred dunng the last four months of the year, the mother 
was particularly resistant to pellagra for the next four months In- 

87 



88 


PELLAGRA SERUM CALCIUM AND PHOSPHORUS 


stead of gestation being a penod of lessened susceptibility to osteo- 
malaaa it is a penod of great danger (3) 

Denton (4) found histological evidence of beginning artenosclerosis 
in young peUagrins Many workers (5) have shown that an excess of 
vitamin D m the form of irradiated ergosterol promoted artenosderotic 
processes The dietary, which is supposed to cause pellagra m the 
Southern Umted States, is rich m ururradiated ergosterol taken with 
pork fat or cotton seed oil The evidence just cited suggested that 
with the coimng of the spnng sunshme the ergosterol m the mdividual's 
skin might be activated m sufficient quantity to provide an excess of 
vitarmn D From another viewpomt the physiology of calaum mi g ht 
be of interest in pellagra Much has been wntten about the influence 
of calcium on permeability of cell membranes It is hkely that the 
skm lesions of pellagra involve mcreased permeabihty of capfllaries 
While determmations of serum calcium and morgamc phosphorus may 
detect only the more gross abnormahties of metabohsm, they may be 
of great value, particularly for onentation 

BaUif and Gherscovici (6) report that they determined the serum 
calaum by the method of Ward for 10 patients with severe pellagra, 
and that they constantly found values above the normal 10 5 to 13 5 
mgm per 100 cubic centimeters They comment upon the unexpected 
occurrence of “hypercalcemia” combined with exaggerated reflexes 

METHODS AND MATERIAL 

Venous blood was collected, without stasis, after a mght’s fast and 
allowed to clot under oil Calaum was determmed by Clark and 
CoUip’s modification (7) of the Kramer and TisdaU method A fine 
capillary tip was fitted to the micro burette which dehvered small 
drops of permanganate solution Inorgamc phosphate was deter- 
mmed by Gunther and Greenberg’s (8) modification of the method of 
Fiske and Subbarow Parallel determmations by the method of Fiske 
and Subbarow and by Greenberg’s modification gave excellent agree- 
ment The methods for determinmg serum albumm and globulm have 
been presented m a precedmg article (9) 

The patients studied for this report consist of 42 peUagrms, descnbed 
m tabular form m article I of the present senes (10), 6 additional pa- 
tients with typical pellagra too mcompletely studied to include m the 
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TABLE I 

Data for paitenit other than the 42 pdlagriiis described in Article I ^ the fresenl senes 
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Severe pellagra, sldn necrosis, vomit 
ing, diarrhea, dehydration, died 
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vix, with metastasis, radium ther 
apy, died 

Convalescent pellagra having shown 
great clinical improvement before 
study 


Pellagra4ike conditions 
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TABLE 1 — Concluded 
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general study, 7 patients suffering with, disorders chnically hke pel- 
lagra but without typical skin lesions, 3 patients with known disease of 
bones and 24 patients chnically without pellagra but suffering from a 
wide vanety of diseases and without chnical evidences of disturbed 
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calaum metabolism In all, 181 simultaneous determinations of 
serum calaum, morgamc phosphorus, albumm and globulm were made 
on 82 mdividuals The figures for mdividual determinations for 42 of 
the pellagnns are recorded elsewhere (10) and for all other patients in 
table 1 

Peters and Eiserson (11) derived a formula for detcrmmmg expected 
serum calaum concentration which apphes to the serum of mdividuals 
with no rmal calaum metabohsm when total serum proteins (albumin and 
globulm) and morgamc phosphorus are known Their formula is Ca ■= 
0 255 P + 0 556 protem + 7, when calaum and phosphorus are express- 
ed mtmUigrams per 100 cc and protem ns grams per 100 cc Themode 
of presentation of our data is based on their formula Throughout this 
paper attention will be directed toward abnormahties m serum calaum 
levels, although it is realized that the phosphorus level may be equally 
or even more at fault It may be noted, however, from the absolute 
values given m the tables that usually it is calcium and not phosphorus 
which deviates most from the usual mean values 

In figure 1 the results of the detemunabons of serum calaum for 
each patient are shown as per cent deviation from the calculated value, 
usmg the formula of Peters and Eiserson By mspecbon of this graph it 
will be noted that there was a tendency, in the group of pellagrms, for 
serum calaum levels to be considerably higher than the calculated 
values, while the determmed serum calaum content for pabents with- 
out pellagra and without obvious bone disease approximated very 
nearly the calculated figures One pabent (case 56) sufltermg from 
extensive bone absorpbon due to mulbple myeloma showed a serum 
calaum content 42 per cent above the calculated level, while 2 pabents 
with luebc penoshbs showed only shght increases 

More striking than the contrast between serum calaum levels of the 
patients with and without pellagra is the contrast between the serum 
calaum levels of mdividual pellagnns and groups of pellagrms It 
will be noted that certam patients with pellagra showed persistently 
high serum calaum, others were persistently near expected, or normal 
levels, while considerable fluctuabons are noted for others When the 
pabents are grouped accordmg to the degree of deviation from the 
calculated calaum level, certam chnical features are found to be of 
mterest 
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The patients who died in the hospital, indicated by aosses m figure 
1, for the most part showed httle deviation of their serum calaum from 
calculated values This is true of two other patients (cases 10 and 24), 
whose dmical condition at the time of discharge was such as to make 
death very likely withm a week or two Hoivever, there are stnkmg 
exceptions Three patients (cases 8, 21, 46) whose serum calaum 
concentrations were abnormally high died Two of these patients 
(cases 8, 21) are of mterest because of the unusual nervous mani- 
festations which will be discussed later The other (case 46) showed 
\ ery high serum phosphorus concentration, probably due to obguria. 
The patient suffered from both vomiting and diarrhea 
The mental status of peUagnns is of great importance, and should 
be an mvitmg field for psychiatric mvesbgation The so-callcd dem- 
entia has been much stressed in chmeal teaching It is an unfortu- 
nate term The psychoses occurnng m pellagra form several entities 
and not a smgle one They mdude dehnum, stupor, coma and the 
mamc-depressive psychoses In addition to the outspoken major 
psychoses, many peUagnns show depression without psychosis, apathy, 
a tendency to excessive sleep or insomma and frequently extreme 
neurasthema In reviewmg the psychic states of the peUagnns of our 
group we have been struck by a rough relationship between serum cal- 
aum levels and mental patterns This relationship is obvious only 
when certam chmeal extremes are considered The patients who died 
while under observation were, with few exceptions, those who showed 
strikmg mental abnormalities, such as dehnum, coma or stupor, and 
it IS just these whose serum calaum concentrations are nearest to cal- 
culated values The exceptions are three (cases 8, 21 and 46) It is 
worthy of note that the first of these exceptions (case 8), with abnor- 
maUy high calaum, showed the rather unusual type of dehnum for 
peUagra was overactive, requinng restramt He was a drunkard, but 
his psychosis was not clearly either an haUucmosis or dehnum tremens 
The second (case 21) suffered formorethanamonthfromaeverepenph 
eral neunbs, showed ankle clonus, but was mentally clear and quick 
at the tune of our study Shortly after, she developed hyperpyrexia 
without known cause, became dehnous, talked contmuously and died 
Ten others of the 16 peUagnns (cases 2, 11, 13, 16, 17, 22, 31, 36, 40 
and 47) who died showed psychoses characterized by hypo- rather than 
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hyperactivity, mental and physical, varying from drowsmess, with 
penods of confusion and disorientation, to coma None of these ten 
showed a serum calaum content which varied from the calculated 
value by more than 11 per cent and the average deviation from the 
calculated values is +2 per cent Another peUagnn (case 37), though 
without psychosis, showed such apathy and mental retardation that a 
dinical diagnosis of hypothroidism was made Of two determinations 
of basal metabolic rate one was low and the other normal Contrast- 
mg chmcaUy with these h3rpoactive pellagnns, the most extreme ex- 
amples of which are the ten patients just mentioned, were mdividuals 
who without psychosis tended to be overative physically and mentally, 
who were out of bed on every possible occasion, were qmck to answer 
questions, frequently were witty and were considered the life of the 
ward Six patients (cases 1, 21, 25, 27, 32, 34) were of this type 
They all showed, as compared with calculated values, high serum cal- 
cium content, the average deviation from calculated values bemg -4-24 
per cent Each of these six patients also showed another chmcal 
feature — evidence of penpheral neuntis and also of cord damage 
They complamed of severe pams in the legs and less severe pains m the 
hands for long periods The calf muscles were tender and there were 
areas of impaired sensation for pam over the tibia, while the deep re- 
flexes were greatly exaggerated One patient (case 21) showed an 
ankle clonus No patients other than these showed clear evidence of 
neuntis, though it may have been overlooked m some of the psychotic 
patients Two of these patients (cases 1 and 34) had been heavy 
drinkers of alcohol, one (case 34) recently enough for it to have played 
an important part m the pathogenesis of the neuntis The pecuhar 
neuritis seen in pellagra is beheved, by some observers, to be due to 
arsemc or to comphcatmg benben The patients here referred to 
were scarcely improved by a diet cont ainin g an abundance of anti- 
neuritic vitamm, and they gave no history of takmg arsemcals 

Between these two extremes chmcally and chemically fall the major- 
ity of our peUagnns 

As to the stage of the disease represented by the high and normal 
calaum groups there seems to be httle difference The normal calcium 
group contams a greater number of early cases than the other Final 
interpretation of our observations on serum calcium must await further 



ROY H TTIRKEE 


95 


Study, directed particularly to determmations of calaum intake and 
output From serum calaum determmations alone it is impossible to 
say whether high levels for calaum mean positive or negative calaum 
balance In a general way the findmgs may be said to mdicate that 
there is m pellagra some influence which tends to give elevated serum 
calaum levels, and that m the very severe cases there is another influ- 
ence which tends to brmg serum calaum back to normal levels 
The first factor might be ather excess of vitamm D, which tends to 
promote mcreased absorption and deposition of calaum m the tissues, 
or a factor like hyperparath 3 TOidism, which causes excessive excretion 
of calaum Differences m hydrogen ion concentration apparently 
are not responsible for differences m serum calaum concentration 
smce the COj combining power m nearly all instances was withm nor- 
mal range, and m those m which it was abnormal there was no deflmte 
pecuhanty in regard to serum calaum concentration 

The posslbflity that albumm and globulm imght differ m their effect 
on the solubihty of calaum was entertamed The formula of Peters 
and Eiserson assumes that they have equal value Instances were 
found m the data which seemed to indicate such a difference, but they 
were too few to carry much weight 

At first glance one suspects that the reason serum calaum levels are 
lower m se\ ere pellagra than in milder forms of the disease, is that fixed 
base, of which calaum is one constituent, is low This idea receives 
some support from studies of correlation It was found that slight 
correlation^ existed between per cent deviation of calaum from calcu- 
lated value and per cent deviation of total base from 155 m Eq per 
hter 

The diet taken by our pellagnns while under observation was fairly 
nch in vitamm D Nmety cubic centimeters daily of fresh unirradiated 
brewer’s yeast and 100 grams of hver were the chief sources of vitamm 
D A few patients received small doses of cod hver oil, but serum cal 
aum was not apparently affected m those cases 

Havard and Hoyle (12) found that doses of irradiated ergosterol 
which were active therapeutically for nckets, were without effect on 
the serum calaum and phosphorus of an healthy adult, while Kam- 
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msky and Davidson (13) noted marked rises m serum calcium m tuber- 
culous adults with similar dosage It is very likely that various states 
of health may cause mdmduals to react differently to vitamm D ther- 
apy It IS of some mterest that the highest serum calaum level for 
one patient (case 34) followed prolonged daily exposure, while dressed, 
to the rays from the summer sky Only one other patient (case 1) 
was exposed to more hght than the diffuse hght of the ward Durmg 
the latter one-half of the tune he was under study he exposed himself 
dressed m pajamas to the radiation from the sky for from one to three 
hours daily 

It IS possible that the failure of calaum to reach the higher levels in 
the severe cases, is due to a severely damaged mtestmal mucosa which 
interferes with absorption Studies on healthy mdividuals mdicate 
that serum calcium levels seem to be above the calculated normal more 
frequently than below it Another factor which may be of importance 
IS the reaction of the mtestmal contents, which is known to have an 
influence on the absorption of calaum and phosphorus The frequent 
achlorhydna of pellagra suggests that there is In many cases a change 
m reaction of the mtestmal contents m the duection of alk al i ni ty 
The few patients m our senes whose gastnc contents contamed free 
hydrochlonc aad were not uniformly different from those showing 
achlorhydna 

Diarrhea was more usually assoaated with the lower serum calaum 
concentrations and may have mterferred mechanically with calcium 
absorption If mtestmal damage were the chief factor m regulatmg 
serum calaum levels for pellagrms on complete diet, the relationship 
between nervous symptoms and serum calaum might prove to be 
madental and of minor importance 

SUMMARY 

One hundred and aghty-one simultaneous determmations of serum 
calcium, morgamc phosphorus, albumin, and globuhn are reported m a 
study of 48 pellagrms 7 patients with pellagra-hke conditions, 24 
ward patients with heterogeneous disorders and 3 patients with bone 
disease 

Observed values for serum calaum were compared with the calcu- 
lated values based on concentration of morgamc phosphorus and serum 
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protem (albumin plus globulm) using the formula of Peters and Eiser- 
son Per cent deviation from calculated values for each determination 
IS indicated graphically 

As a group, the pellagnns showed a tendency for observed values to 
be higher than the calculated figures, whereas the patients without 
pellagra showed httle difference between calculated and determmed 
values 

The peUagnns with little deviation of the observed values for serum 
calaum from the calculated values, were charactenzed dimcally by 
psychoses and fatal termmations The psychoses of this group were 
marked by hypoactivity, mental and physical 

Six pellagnns had determmed serum calaum concentrations markedly 
greater than the calculated values and were charactenzed clinically 
by tendency to mental and physical ovcractmty, conspicuous clearness 
of rmnd and also by evidences of neuntis One patient with high 
serum calaum presented wild dehnum 

The majonty of the patients with pellagra were grouped on clmical 
grounds and according to them serum calaum levels in an intermediate 
position between the extremes mentioned above 

Calculation of correlation coeffiaent mdicates that serum calaum 
levels are shghtly correlated with concentrations of total fixed base 

CONCLUSIONS 

Sufiiacnt evidence of disturbed serum calaum concentration is pre- 
sented to justify further study 

Abnormahties of serum calaum concentration m pellagnns seem to 
be related to disturbances of the nervous system Whether the rela- 
tionship IS causal or inadental is unknown 
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IMany cLmcal observers have considered aadosis to be a common 
and important feature of pellagra, an impression due chiefly to the 
aad reaction of the unne An elaborate theory, based largely on an 
active imagination, explained the pathogenesis of the disease as an 
aadosis due to taking aad silicates m the drinking water The first 
clear indication that a disturbance m aad base equihEnum occurred 
in pellagra was furnished by Sullivan and Stanton (1), who showed 
that for some pellagnns an abnormally high proportion of the unnary 
nitrogen vas bound as ammonia 
BaUif and Gherscovici, in Roumama, are the only workers who have 
used modem methods in the study of acid base equihbnum m pellagra 
Their reports are charactenzed b> a distressmg scaraty of clmical and 
chemical detail They report (2) detenmnations of COj combinmg 
power for 80 pellagnns by statmg that for 59 per cent it was less than 
65 volumes per cent, for 27 per cent less than 50 volumes per cent, for 

6 per cent less than 40 volumes per cent, and for 8 per cent greater 
than 65 volumes per cent They also found that the admmistration 
by mouth of 10 grams of sodium bicarbonate had httle effect on the 
unnary pH and the COj combinmg jxiwer of the plasma In a later 
study (3) the> detenmned plasma pH hy a colonmetnc method, and 
for 20 patients with grave acute pellagra they found an average pH of 

7 27, and for the same patients an average COj combinmg power of 
49 volumes per cent For 10 patients with chrome pellagra the aver- 
age values given were normal Balhf, Rennescu and Reznic (4) 
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mention findmg high chlonde concentration along with dimmished 
protein concentration in their patients with severe acute pellagra but 
normal chloride concentrations in the other types of the disease 

METHODS AND MATERIAL 

Venous blood was collected after an over mght fast, without stasis 
and protected from air The CO 2 combmmg power of oxalated 
plasma was measured by the method of Van Slyke (5) Plasma chlo- 
rides were determined by the method of Whitehorn (6) For total 
fixed base of serum the method of Stadie and Ross (7) was used 
Methods for determining serum calcium and phosphorus have been 
given in a preceding article (8) 

In determinmg the aad value of serum protems use was made of 
the formula of Van Slyke, Hastings, HiHer, and Sendroy (9) The 
acid value of phosphorus was obtained by multiplying milh grams of 

1 8 

inorganic phosphorus by the factor — as adopted by Peters, Bulger 

and Eisenman (10) For calculatmg the base bound as bicarbonate 
we used our values for CO 2 combimng power instead of CO 2 content 
The error thus introduced is probably small 

The patients studied were 42 pellagrms Detailed clmical and 
chemical data have been recorded in tabular form m article I of the 
present senes (11) As a rule no attempt was made to supply electro- 
lyte by means other than m the diet previously descnbed (11) 

RESULTS 

The results are presented in tabular form elsewhere (11) and graph- 
ically m figures la-b, and 2 The outstanding features of the results 
are also outlined m the summary 

COMMENT 

Our data would seem to indicate that low serum electrolyte concen- 
tration occurs more frequently than does marked disturbance of aad- 
base equihbnum as mdicated by the COo combining power of the 
plasma This does not indicate that some of the mechamsms which 
may produce severe acidosis or alkalosis may not play a major r61e in 
the disease processes In recent years leading workers (12, 13, 14) in 
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this field have stressed the importance of total electrolyte concentra- 
tion, and Hartmann (IS), Mamott and Hartmann (16), Hartmann and 
Harrow (17), and Hartmann and Ehnan (18) have brought forth 
strong evidence to show that abnormal serum osmotic pressure was of 
greater importance m some of the chnical conditions, which were form- 
erly considered due chiefly to aadosis or alkalosis, than is the actual 
disturbance of aad base equihbnum One is justified m suspecting 
that disturbed serum osmotic pressure may be responsible, m severe 
pellagra, for the production of generalized cellular mjury and death 
We are now studymg pellagra from this viewpomt. 

Our findmgs for plasma chlorides are at vanance with those of 
Balhf, Rennescu and Rezmc (4) who mention findmg high chlondes 
m pellagra 

The tendency toward low concentration of serum electrolytes is 
most likely due to diarrhea and occasionally to vomitmg, both well 
recognized mecha n is m s for depleting serum electrolyte One patient 
(case 36) who had very low plasma chlondes and scrum total base did 
not show either diarrhea or vomitmg dunng the few days of observa- 
tion, and, accordmg to the best obtamable history, she had been free 
of both for the precedmg two weeks There is a shght tendency to- 
ward low electrolyte content of the serum in other cases without 
diarrhea 

The mortahty among those patients with greatly lowered con- 
centration of serum electrolytes, and the stnkmg relationship, ob- 
served m the other patients, between the chnical seventy of the dis- 
ease and the diminished electrolyte content of the serum, suggest an 
additional basis from which one may estimate the seventy of peUagra, 
the prognosis, and a rational treatment 
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SUMMARY 

A study of the aad-base equihbnum m pellagra is reported, based on 
129 specimens of blood from 42 pellagrins T?he data consist of 119 
determmations of plasma chlondes, 125 of the COi combimng power 
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of the plasma, 129 detenrunataons each of serum protems and mor- 
gamc phosphorus, and 53 determmations of total fixed base 
The data are presented and analyzed m graphs and histograms 
Plasma chlorides tended to be low The plasma chlondes in 65 per 
cent of the observations were less than 576 mgm per 100 cc of plasma 
and m 46 per cent less than 551 mgm per cent, while m 17 per cent 
they were less than 526 mgm per cent Two patients showed plasma 
chlondes of less than 400 mgm per cent 
The mamtenance of normal plasma chlonde level, by diet alone, 
even in the absence of vomitmg, met with only partial success 

Eighty-four per cent of the determinations for carbon dioxide com- 
bining power of the plasma gave results within the normal range, 
chiefly m the lower portion of the normal range, and 16 per cent were 
below normal Marked depletion of plasma bicarbonate was rarely 
encountered The observations of Balhf and Gherscovia concern- 
ing the carbon dioxide combmmg power of the blood m pellagra are 
confirmed 

Marked mcrease m serum morgamc phosphorus was rarelj’- en- 
countered Instances seemed to be due to marked oliguria associated 
with both diarrhea and vomitmg 
The sum of the aad values for chlonde, carbon dioxide, proteins, 
and morgamc phosphorus, tended to be low In 68 per cent of the 
118 determmations the sum was less than 136 mflheqmvaJents per 
liter 

In 32 per cent of the 53 determmations the total fixed base was less 
than 141, 5 patients showed values of 126 mflheqmvalents or less It 
IS probable that the small percentage of low values is rmsleadmg, due 
to the fact that an unduly large proportion of observations were made 
on convalescent patients 

Four of the five patients m whom the senun total base was less than 
126 mflheqmvalents died soon after study 
The bearmg of serum electrolyte concentration upon treatment of 
pellagra is mentioned 

Diarrhea and occasionally vomitmg seem to be chiefly responsible 
for low electrolyte concentration m the blood serum of peUagrms 



ROY H TURNER 


107 


CONCLUSIONS 

Diminution in serum electrolyte concentration appears to be of 
greater importance m peUagra than disturbances of aad-base equi- 
hbnum 
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THE PATHOLOGIC PHYSIOLOGY OF PELLAGRA 
V The Circttlating Blood Volume 
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the 2[ed{cal Semens of the CharUv Hospital, Nev Orieens) 

(Rccti\ ed for publication October 27, 1930) 

Determination of arculating blood volume was undertaken as a 
part of a study of the disturbed ph>’siology in pellagra, chiefly for the 
purpose of finding out ahether shrinkage of plasma volume existed m 
patients who were suffermg from a disease frequently characterized 
by severe diarrhea Such a shrinkage would be of great importance 
of itself, and would obviously have a beanng upon the interpretation 
of the composition of the plasma determined at the same tune The 
existence of anemia can hardly be established nor its sev enty estimated 
so long as we are m ignorance of the plasma volume It was also 
considered possible that the magmtude of the orculatmg blood volume 
might bo correlated with certam of the features of the skm lesions, 
such as the degree of exudation of serum 
I have used the dye method of Keith, Rowmtree and Geraghty (1) 
modified ns follows A 3 per cent aqueous solution of bnihant vital 
red (National Anahne Companv') was made up the afternoon before 
use, and sterilized at 100°C for 8 mmutes With a sterile cahbrated 
pipette the quantity of this solution for each patient was placed m a 
sterile 50 cc. flask The volume used for each patient was approxi- 
mately 1 cc for each 15 kilos of body weight. At the bedside, the dye 
was drawTi from the flask through a sterile needle, which was then 
discarded, into a sterile Luer svrmge which had just been rinsed 
with sterile distilled water The dj-e left m the flask was taken up m 
a small quantity of stenle distilled water After taking blood for 
chemical studies and to provide plasma for preparabon of dye stand- 
ard, the dye was injected through the same needle and the remainmg 
dye washed out of the syringe with the pabent’s orculabng blood by 
emptymg and filhng the syringe twice After removal of the needle 



112 


PELLAGRA BLOOD VOLUME 


tlie arm was elevated and no pressure used over the site of the vene- 
puncture Six nunutes after first emptying the synnge of dye, blood 
was withdrawn from the other arm by venepuncture made a few 
seconds before AH blood used in the estimation of plasma volume 
was collected in an oiled syxmge and run imder oil with 10 mgm of 
diy powdered potassium oxalate for each 5 cc of blood The blood 
was run under the ofi. from the synnge through a dry glass tube and 
rubber connection Blood was run gently but quickly back and forth 
from centnfuge tube to synnge in order to msure rapid and complete 
mixing of oxalate with blood With these precautions hemolysis was 
a rare occurrence Blood was collected only after any stasis inadent 
to venepuncture had disappeared For determination of cell volume 
the hematocrit tube of Wmtrobe (3) tvas used The blood which 
contained dye was thoroughly mixed by dravtmg it m and out of a 
wide mouth 1 cc pipette, and then the hematocnt was filled by means 
of a large cahbre capillary pipette It was centrifuged at 3000 revolu- 
tions for 30 nunutes The upper levels for both erythrocytes and 
leukocytes were read The use of this hematocnt makes it possible 
to take the approximate white cell volume into account in calcula- 
tions Five per cent was added to hematocnt reading to allow for 
cell shrinkage Two cubic centimeter quantities of plasma were used 
in prepanng the standard and unknown dye solutions for the colorun- 
eter The final volume for each was 6 cc Readings were made with a 
Dubosq colorimeter equipped with 5 cc cups 

Since certain chmcal manifestations of pellagra suggest mcreased 
capillar}’’ penneabihty, it was considered of importance to determme 
whether the dye might disappear from the blood stream ’with abnor- 
mal rapidity Fifteen observations were made on patients dunng the 
\ anous stages of pellagra, taking an additional dye-contammg spea- 
men of blood after intervals of from 4 to 24 nunutes The dye con- 
tent of these second specimens showed that the maximum rate of 
disappearance was 4 per cent per 10 minute penod and the average 
rate vas one half as great 

How best to express the values for blood volume in this report has 
not been eas}’^ to deade Most of the patients were grea'tly under- 
weight For some of them blood volume per kilo was normal or high, 
while blood \olume per square meter of body surface was below the 
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recognized standards It seems clear that neither method of express- 
ing blood volume is satisfactory for such a group, unless correcbons 
arc made for abnormal body size I have used the formula of Rowm- 
trec and Brown (2) It provides corrections for the factors of under- 
weight, overweight and extremes of age These authors have shown 
that the value for blood volume in either underweight or overweight 
individuals, though healthy, tends to deviate more from standard 
values when expressed according to body weight than when expressed 
according to body surface In underweight persons the values per 
kilo of body weight tended to be high, and for those overweight the 
values were low 

By the use of the formula of Rowntree and Brown I have calculated 
the ideal total blood volume and have taken 42 4 per cent of it as ideal 
volume of red blood cells and 51 6 per cent as ideal plasma volume 
(3) These values have been converted mto cc per square meter of 
body surface and compared with the actual blood, plasma and red 
cell volumes per square meter 

The results of the determinations for peUagnns are shown graphi- 
cally in figure 1 Data are shown in table 1 for 21 patients without 
pellagra, but shownng varying degrees of anemia and undemutntion 
and some of them diarrhea. The outstanding features of the results 
arc also stated in the summary below 

COiniENT 

One of the mysterious features of pellagrous skin lesions is the 
difference m mechanism m severe skm damage which determines 
whether the lesion will take the wet or dry form Seventy of skm 
injury is not the explanation since some of the mstances of most severe 
skin damage are those where mummification of the skin occurs The 
dry form might be suspected of representing low capillary pressure 
and permeability and the wet form, high capillary pressure or perme- 
abUity Conceiv ably the magmtude of the arculatorv blood volume 
might be an important part of the mechanism involved, high blood 
volume, possiblv high plasma value, would promote exudation of 
plasma while low volume would oppose it The work of Rous and 
Gilding (4) offers a strong basis for this concept They have shown 
that when the blood volume of rabbits is greatly dunimshed by hemor- 
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rhage the blood supply to the viscera essential to life is little interfered 
with, while the skin and skeletal muscles suffer greatly and areas of 

TABLE 1 

Data concermng blood volume of 21 ward pahents untJiout pellegra 
Standards for normal are same as used for pellagrms 


I Percentile deviation from normal 


Case 

number 

Plasma 

\o!ume 

Red cell 
volume 

Total 

blood 

volume 

Weight 

Red cell 
volume 
(Hemato 
ent) 

Dia^oais 

1 


per cent 

per cent 

per cent 

per cent 

per cent 


1 / 

+20 

-75 

-2 

-20 

-69 

Severe piermctous anemia 

1 

+29 

-32 

+4 


-34 

Remission 

2 

+6 

-50 

-21 

-34 

-41 

Pernicious anerma or sprue ilild 







diarrhea 

3 

+4 

-27 

-22 

-20 

-67 

Severe hookworm anemia 

4 

+14 

+22 

+33 

+ 11 

-8 

Hypertensive heart disease 

5 ( 

-35 

+43 

-3 

-23 

+42 

Acute fever Dehydration 

1 

-21 

+25 

-1 

-23 

+26 


6 

+14 

+9 

+12 

-9 

-4 

Probably early cancer of stomach 

7 

+20 

-15 

+5 

-2 

-21 

Luetic penostitis 

8 

+14 

-18 

-0 

-29 

-21 

Cancer of the lung 

9 

+44 

-13 

+20 

-31 

-28 

Multiple myeloma 

10 

-13 

+11 

-2 

-3 

1 +14 

Partial obstruction of cecum 







Constipation No vomiting 

11 

0 

-14 

-6 

-16 

-9 

Chrome salpmgitis 

12 

-10 

+8 

+2 

-12 

1 +12 

Chronic salpingitis 

13 

-12 

-50 

-27 

-33 

-28 

Severe pulmonary tuberculosis 

f 

+5 

-20 

-6 

-29 

-16 

Sprue Chrome diarrhea 

14 

+8 1 

-16 

-1 

-29 

-13 


i 

-9 

-26 

-16 

-29 

-14 


15 

+9 

+12 

+10 

-26 

-1 

Mdd diarrhea for 30 years 

16 

+18 

-23 

+2 

-15 

-26 

Bacillary dysentery 

17 

-27 

+24 

-5 

+5 

+30 

Diarrhea of unknown etiology 

1 

-25 

-19 

-21 

-15 

-11 


18 

-19 

-29 

-21 


-11 

Bacdlary dysentery 

1 

-17 

-29 

-27 


-11 


19 

0 

+37 

+16 

-25 

+16 

Amebic dysentery 

[ 

-11 

+30 

+6 

0 

+19 


20 \ 

-9 

—3 

-6 


+3 

Severe diarrhea of unknoim 

1 

—5 

+5 

+1 


+2 

etiology 

21 

-11 

-18 

-14 

-5 

-17 

Chronic diarrhea 


ischemia develop in the skin and remain long after the blood volume 
has returned to normal There is good chmcal and postmortem evi- 
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deuce to suggest that m chronic pellagra at least the skin may for a 
long time be depnved of adequate blood supply while actual engorge 
ment of abdominal viscera is present 
Low blood volume may be a factor m the prevention of pellagrous 
dermatitis m the patients with pellagra sine pellagra I have observa- 
tions on a few such patients which are suggestive 
Unfortunately the data here reported offer httle evidence bearing 
upon the part played by the magnitude of blood volume in the deter- 
mination of the type of skin lesion Only one patient (case 17) in 
the group studied showed the mummy like lesions, which evolved 
durmg the penod of study His severe diarrhea and vormtmg could 
not be controlled Plasma volume showed great diminution at the 
time of the third study when the injured skin, previously red, had 
become dry, shrivelled and broken b> deep fissures Later, just 
before death, the plasma volume returned to its former level, due to 
administration of large quantities of flmds by hypodermoclysis It 
wdl be noted that the cell volume by hematoent does not fluctuate 
mversely as the plasma volume in accordance with the accepted idea 
When plasma volume shrinks, one would expect cell volume to nse 
instead of fall However, comadent fluctuations m serum proteins 
(S) are more closely correlated with the estunated plasma volume 
changes than are the cell volume changes 
The other patients with great variation from normal blood volume 
had such mild lesions that they could not be classified in either wet 
or dry group Only the severe lesions show either marked exudation 
of serum or mummification Study of patients before and after 
development of skin lesions is urgently needed There is need of a 
uniformly reproduable experimental skin mjury in connection with 
the study of pellagra A chmeal method for evaluatmg relative blood 
service to skin versus abdominal viscera is also needed 
It wiU be noted that some of the patients with lowest red cell vol- 
umes were those who had other diseases besides pellagra This feature 
IS discussed more fully elsewhere (5) 

The blood volume findings for one patient (case 10) are of unusual 
mterest He had tuberculous peritomtis with fibrous mattmg of the 
mtestmes mto large masses and also showed accumulations of asatic 
flmd A prolonged diarrhea probably due to partial mtestinal obstruc- 
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tion preceded the development of pellagra He had extensive de- 
pendent edema and dyspnea on exertion and his heart was enlarged 
The blood picture was that of a profound anerma of the microcytic 
type His plasma volume was enormous His circulatmg red cell 
volume, though greater than the hematocrit readmg would mdicate, 
was stiU below normal It seems hkely that the arculatory meffi- 
aency was due to the dispanty between the great bulk, of blood to be 
arculated, and the low concentration of the oxygen and COj carrying 
element 

AH the data for one patient (case 30) were exceptional ChmcaHy, 
he could hardly be called a sick man, the chemical findmgs were withm 
normal limits, and both plasma and red cell volumes were above 
normal He was a robust boiler-maker, though unemployed, he felt 
fit to work For many years he had suffered from a gastric neurosis, 
and vonuted following at least one meal each day However, he had 
maintained his weight, strength and feehng of weU-bemg almost 
perfectly He had omitted lean meat from his diet Unfortunately 
he was under observation for only 24 hours His mamfestations of 
pellagra were almost entirely cutaneous Study of such exceptional 
cases should be of the greatest value due to the simphaty of the chm- 
cal picture Observations on this patient are m keeping with the 
concept previously mentioned in the present senes of papers, that 
many features of the disturbed physiology of pellagra appear to be 
caused by pellagrous mjury to Vanous body systems These dis- 
turbances frequently cause their most defimte symptoms after the 
diagnostic evidences of pellagra have passed 

Many of the patients who showed the lowest volume of circulating 
red cells were those who had low serum albumm (6) and were greatly 
underweight It seems hkely that both the low serum albumm con- 
centration and anemia in pellagra may be due to malnutntion A 
study of correlation between the two might mdicate whether they 
were due to a common factor Shght correlation’^ was found to exist 
betv'een per cent deviation from normal serum albumin, and per cent 
de\nation from ideal volume of red cells The group of peUagnns 
studied contained several patients in whom pellagra was comphcated 
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by other diseases The study of a larger group of patients with un- 
complicated pellagra might be more enhghtemng 

It IS well to remember that I have studied patients who were under 
excellent nursing care If such studies were made on patients suffer- 
mg from such neglect as many peUagnns receive m their homes, the 
results imght be qmte different 

SUMMARY 

1 The results of 125 determinations by the dye method of arcu- 
lating blood volume for 41 peUagnns are presented graphically 

2 Values for plasma volume, red cell volume and total blood volume 
are compared graphicaUy with standards for normal as determined by 
tiie formula of Rowntree and Brown for underweight and overweight 
individuals 

3 Considermg mean values for each patient expressed in terms of 
per cent deviation from ideal volume the results may be summarized 
as foUows 

o For 32 per cent of the group plasma volumes were above normal 
and for 68 pier cent below normal Plasma volume for 5 per cent of 
the patients showed a deviation of -1-21 per cent or greater, 15 per cent 
showed from -1-11 per cent to -1-20 per cent deviation, 12 per cent from 
-hi per cent to -flO per cent, 42 per cent of the patients showed 
deviation of from — 1 per cent to — 10 per cent, 10 per cent from — 1 1 
per cent to —20 per cent, 7 per cent showed from —21 per cent to 
—30 per cent, 7 per cent showed —31 per cent to —40 per cent, and 2 
per cent showed deviation of greater than —40 per cent The median 
was —4 per cent deviation 

b Red ceU volumes for 5 per cent of the peUagnns were above nor- 
mal and for 95 per cent below normal Ten per cent showed deviation 
of from —1 per cent to —10 per cent, 12 per cent showed —1 per cent 
to —20 per cent, 15 per cent showed —21 per cent to —30 per cent, 
22 per cent showed from —31 per cent to —40 per cent, 22 per cent 
showed from —41 per cent to —50 per cent, 15 per cent showed from 
— 51 per cent to —63 per cent deviation from normal standards The 
median was —35 per cent deviation 

c Total blood volumes for 17 per cent of the peUagnns were above 
ideal values and 82 per cent were below Five per cent of the group 
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showed a de^aatlon from ideal of +31 per cent or greater, 5 per cent 
showed from +11 per cent to +20 per cent deviation, 7 per cent from 
+1 per cent to +10 per cent, 17 per cent showed from — 1 per cent to 
— 10 per cent, 24 per cent showed from —11 per cent to —20 per 
cent, 24 per cent showed from —21 per cent to —30 per cent, and 17 
per cent of the peUagrms showed a deviation of —31 per cent or 
greater The median was —17 per cent deviation from ideal 

4 Data concerning blood volume for 21 patients without pellagra 
who showed various degrees of anemia, and malnutrition or diarrhea 
are presented m a table 

5 Anemic patients without pellagra showed plasma volumes higher 
than normal more frequently than those with pellagra 

6 A possible relationship between the magmtude of blood volume 
and the chmcal features of severe skm lesions is discussed 

7 The plasma volumes of two peUagrms were persistently low for a 
long tune even after the disappearance of any symptom which might 
explam low plasma volume 

8 There was shght positive correlation between the deviations 
from normal of serum albumin and of circulating red ceU volume 

9 Individual cases of mterest are discussed 
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SKIN REACTIONS OF PATEETNTS AND NORMAL INDIVID- 
UALS TO PROTEIN EXTRACTS OF STREPTOCOCCI* 

Bi CLIFFORD L DERICK and MARSHALL N FDLTON 
^From the Kedical Clinic of the Peter Bent Briiham Hospital Boston) 

(Rtctivtd for publlcotloD November 18, 1930) 

During the past few years m conjunction with Swift and Hitchcock 
at the Hospital of the Rockefeller Inshtute, one of the authors 
earned out cutaneous tests with nucleoprotein extracts of vanous 
streptococa, the results of which have been pubhshed (1) (2) Inas- 
much as the greater part of that work was done on patients sufifenng 
from rheumatic fever it seemed desirable to determine whether a com- 
parable frequency of jxisiDve reactions existed in patients with other 
diseases and in supposedly normal individuals 
Somewhat sunilar work was done in 1923 by Bnstol (3), who per- 
formed tests wnth whole dned streptococa, and found that in 17 
individuals with a historj of scarlet fever and 31 without there was a 
positive reaction in 41 and 61 per cent respectively Both groups are 
referred to as “fairly normal persons ” Mackenzie and Hanger (4) 
used an alkahne extract of ground up orgamsms, which the> termed 
“intra cellular antigen,” as well as filtrates from plain broth cultures 
With these streptococcus denvabves they found a high percentage of 
positive skin reacDons among patients suffermg from vanous diseases 
but could detect “no relation between the presence or absence of 
streptococcus allergy and any disease or group of diseases ” Some 
of the strongest reactions observed by them were in presumably 
normal mdmduals Because these authors were unable to demon- 
strate evidence of free antibodies m the serums of patients either by 
neutrahzaDon tests or by passive transfer in animals, they felt that the 
allergy or hj'persensitiveness represented an acquired reactivity of the 
cellular tissues as a response to stimulation bj' bactenal protans 
Small (5) reported marked general hypersensitiveness in patients 

* Read bj Title before the Amencan Socieh for Cluneal Investigation, Maj 6, 
1929 
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With rheumatic fever and arthntis to vaccmes and soluble antigens of 
"Streptococcus cardioarthntidis” injected subcutaneously This hy- 
persensitive state was manifested by both local and focal reactions 
His observations dealt only with the "rheumatic group” of patients 
Birkhaug (6), Kaiser (7), Irvme-Jones (8) and Swift, Wilson and 
Todd (9) all reported a higher madence of hjrpersensitiveness among 
patients sufienng from rheumatic infection than among those with 
other diseases when tested mtracutaneously with filtrates of vanous 
strains of streptococa The last named authors suggested that the 
reaction is caused by an mtracellular toxic substance set free when the 
orgamsms autolyze m the culture media rather than by a toxm pro- 
duced and secreted durmg their growth Possibly the mcitant m these 
filtrates is, in fact, of the nature of bacterial nudeoprotem 
The studies most comparable with oius are those of Ando and Ozala 
(10) (11), who recently have reported skm tests performed on 860 
mdividuals usmg a nudeoprotem fraction extracted from a stram of 
Streptococcus scarlatinae These workers made no note of the asso- 
aation of skm hj^iersensitiveness with any particular disease condi- 
tion but showed that there was a gradual mcrease m the percentage of 
positive reactors with the mcrease m age of the mdividuals tested 
(See discussion) 

METHODS 
Cases studied 

Durmg the present study 670 individuals were tested Of these 
475 were defimtdy diseased patients admitted to the medical wards 
of the Peter Bent Brigham Hospital When more than one disease 
was mduded in the diagnosis, they were dassified accordmg to the 
primary or most important disorder Forty-six were at The House of 
of the Good Samaritan all but one of whom were m vanous stages of 
convalescence from rheumatic fever or chorea Ninety-one were 
either at the Children’s or Infants’ Hospital, of these 28 were m the^ 
general medical wards suffermg from vanous diseases, 39 were infants 
or premature babies, most of whom presented feeding problems, and 
24 had orthopedic conditions but were without a history of recent 
infection and so were considered as normal controls * In addition 58 

- We desire to express our thanks to the Staffs of the Children's and Infants’ 
Hospitals and the House of the Good Samantan for their hearty cooperation 
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supposedly normal adults were tested, these included a few patients 
m whom no evidence of orgamc disease could be found, members of the 
resident staff at the Peter Bent Bngham Hospital and students m 
their final year at the Harvard Medical School 

Preparation of llte nucleo proteins 

The nucleoproteins used were extracted by Dr Lancefield at the 
Hospital of the Rockefeller Institute accordmg to the method which 
has been published (12) They were precipitated repeatedly until 
their nitrogen content was constant and stored m the form of dned 
powder At least once a month a fresh 0 1 per cent solution of each 
was made for use at the Hospital of the Rockefeller Institute and a 
portion was sent to us m cold storage This was kept subsequently 
m the ice box until used AH solutions were cultured both aerobically 
and anaerobically on hquid and sohd media to test for stenhty Dilu- 
tions to the required strength were made m normal salt solution 
immediately prior to performmg the skm tests 

Three different nucleoprotems were used m most mstances those 
from hemolytic streptococcus (S43), green streptococcus (VllOA) and 
ordmary baker’s yeast The latter was used for control purposes 
Lancefield (13) has shown that the nucleoprotem fraction of each 
species of gram positive coccus which she studied, was “immunologi- 
cally smular withm the speaes ” Her study mcluded both the 
hemolytic and green streptococa Thus a representative nucleo- 
protem fraction of these two speaes of streptococa was used 

Early m the study normal salt solution instead of yeast nucleo- 
protan was employed for control purposes, but as no positive reactions 
were encountered, this was discontmued later 

Ten milhgrams of these nucleoprotem extracts can be injected 
mtravenously in normal rabbits without ehatmg any recognizable 
reaction One-tenth milhgram when mjected mtradermaUy m normal 
rabbits produces a nuld local reaction This latter dose, however, 
IS many times that which was used m patients reported m this work 
We feel therefore that the skin reactions which occurred were not due 
primarily to any toxic properties of the test matenals used 
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Method of making and reading the tost 

At the start 0 01 mgm of each nucleoprotem dissolved in 0 1 cc 
normal salt solution was used as the test dose Since many of the 
reactions were unusually marked, it was felt that the results would be 
more valuable if smaller amoimts were injected Therefore, for most 
of the work amounts of 0 001 mgm of hemolytic streptococcus nucleo- 
protein and 0 003 mgm of each of the others were used as test doses 

All tests were done in the skm of the forearm except m a few infants 
who were tested over the antenor surface of the leg Accordmg to 
the observations of Alexander (14) the skin response to allergens m 
patients with hay fever vanes m intensity m different parts of the 
body, but the response in the skin of the leg is quite as large as that 
on the forearm Therefore these tests m infants are comparable to 
those done on the other subjects The mjections were made into and 
not beneath the skin Tubercuhn synnges graduated in 0 01 cc 
and with perfectly fitting 26 gauge needles were used to msure 
accuracy 

^Measurements were made at the end of 24 hours m all instances and 
usually every 24 hours thereafter for at least 3 days with cahpers 
smular to those descnbed by Swift, Wdson and Todd (9) The two 
greatest diameters at right angles to one another were measured, and 
the height of all lesions either measured or estimated After a time one 
becomes quite accurate in estimatmg the height of most lesions 

The volume of the lesions was calculated according to the formula 
used by Denck and Swift (15) Although it is recogmzed that such 
results are only approximate, they are, nevertheless, valuable as a 
basis for comparison For purposes of presentation (table 1) the 
volumes of lesions have been transposed to a system of plus values 
thus, volumes of less than 50 cmm have been considered negative, 
51 to 200 cmm as ±, 201 to 500 cmm as +, 501 to 800 cmm as ++, 
801 to 1100 cmm as + + + and aU volumes over 1100 cmm as 
+ + + + In this scheme we have looked upon all ± lesions as being 
doubtful and have classified them as negative In order to include on 
a similar basis aU patients tested, the volumes of the lesions in the few 
individuals given the large dose at the start of the work were divided 
by two This correction was made, because it was ascertained re- 
peatedly by using both large and small test doses m the same patient 
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at the same time that 0 01 mgm of either nucleoprotem extract 
produced a lesion with a volume twice as great as that which occurred 
when 0 001 mgm of the hemolytic streptococcus antigen or 0 003 mgm 
of the green ^'a^ety was used 

Desert plion of the reactions 

The typie and time of the occurrence of reactions were very similar 
m all respects to those described by Mackenzie and Hanger (4) A 
few, occurring early within the space of an hour or two of the time of 
injection, were of the wheal and erythema type In practically all 
instances, however, the reactions reached their maximum intensity 
after 24 to 30 hours , all readings were made at 24 hour mten als The 


TABLE 1 

Code of arbilranlv selected neojurtmenU to stum the dimeuiions and volume of lesions 


Index 

Dlnsuteoft of ietloet 

Velome of tedious 


mm 

cv mm 

0 

\one to 9 X 13 X 1 0 

Lets than 50 

cb 

10 5 X 12 Si 1 0 to 15 0i 21 Ox 1 5 

51 to 200 

+ 

17 0 x 20 0xl5tol8 5x215i30 

201 to 500 

+-(- 

19 5 x 22 5 x 30to21 0 x 20 0 x 45 

501 to 800 

+++ 

19 0s 23 0x45 to2S5i 34 5 i30 

801 to 1100 

+-I-++ 

34 5 x 45 5 x 2 Oor 20 0 x 28 0 x 5 0 

0\cr 1100 


response which was eliated, vaned markedly, ranging all the way from 
no reaction or a shght erythema without perceptible induration to a 
large swelling 6 to 8 cm in diameter and raised 0 5 to 1 cm at the 
center These latter consisted of a hard indurated central area, deep 
red in color, surrounded by an edematous, pinkish red zone which 
gradually merged with the adjacent normal skm In a few of the more 

intense reactions a vesicle contaimng turbid flmd formed superfiaally 
over the center of the lesion Rarely light red streaks were observed 
passing from the more intense lesions up the arm In two instances 
there was mvolvement of the regional Ijmph nodes as mamfested by 
swelhng and tenderness Whenever present these latter manifesta- 
tions disappeared withm a day or so 
Dependmg upon their seventy, the lesions persisted from a daj, 
when mild, to as manv as 14 days when there had been marked infiltra- 
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tion Usually the skin at the site of reaction underwent a brownish 
pigmentation and in a few cases desquamated with a fine branny scale 
AH lesions eventually were absorbed completely, and at no time was 
there evidence of central necrosis and sloughing With two or three 
exceptions no constitutional symptoms were noted 

TABLE 2 


Resulls of tests in all individuals grouped into 5 year age periods 



Number 
of cases 
tested 

Hemolytic streptococcus nudeoprotem 
(S 43) 

Intensity of reaction 

Green streptococcus nudeoprotefn 
(V llOA) 

Intensity of reaction 

Age 

Cases 

Percratagt 

Cases 

Percentage 



— or *** 1 

+ to 

■H-++I 

— or =*» 

+ to 

•bi 1 1 

— or * 

+ to 
++-H- 

— or «*» 

di+V 

years 

0-5 

61 

58 

3 

95 1 

4 9 

60 

■ 

98 4 

1 6 

6-10 

49 

24 

25 ! 

49 0 

51 0 

33 

16 

67 4 

32 6 

11-15 

40 

16 

24 

40 0 

60 0 ] 

28 

12 

70 0 

30 0 

16-20 

31 

15 

16 

48 4 

51 6 

22 

9 

71 0 

29 0 

21-25 

63 

21 

42 

33 3 

66 7 

43 

20 

68 2 

31 8 

26-30 

49 

20 

29 

40 8 

59 2 

33 

16 

67 4 

32 6 

31-35 

52 

16 

36 

30 8 

69 2 

39 

13 

75 0 

25 0 

36-40 

35 

9 

26 

25 7 

74 3 

27 

8 

77 1 

22 9 

41-45 

S3 

26 

27 

49 1 

50 9 

43 


81 0 

1 19 0 

46-50 

60 

29 

31 

48 3 

51 7 

52 

8 

86 6 

13 4 

51-55 

55 

23 

32 

! 41 8 

58 2 

46 

9 

83 6 

16 4 

56-60 

51 

21 

30 

1 41 2 

58 8 

43 

8 

84 3 

15 7 

60 and over 

71 

39 

32 

1 55 0 

45 0 

62 

9 

87 3 

12 7 

Total 

670 

317 

353 



531 

139 




RESULTS 

As noted previously, 670 mdividuals m all were tested In each 
instance nudeoprotem from hemolytic (S43) and green (VllOA) 
streptococa and a control of either normal salt solution or nudeopro- 
tem from baker’s yeast were used 

Table 2 represents an analysis of the 670 mdividuals tested, arranged 
m five-year-age penods This table shows the total number of cases 
tested in each age group and a division of these mto negative or posi- 
tive reactors The mam points to which attention should be called 


are 
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1 That, m the whole group, a much higher proportion (52 7 per 
cent) reacted positively to the nucleoprotem from the hemolytic 
streptococcus than to that from the green vanety (20 7 per cent) 

2 That only very rarely was a reaction observed m an mdividual 
under the age of 5 ydars 

3 That in the groups above the age of 5 years, the percentage of 
positive reactors vaned from 45 to 74 per cent with the hemolytic 
streptococcus nucleoprotem and from 12 to 33 per cent with the green 
vanety The figures for the patients between the ages of 6 to 10 and 
11 to 15 years are misleading inasmuch as nearly half of the children 
in each of these age groups were suffenng from vanous forms of rheu- 
matic infection, and among these there was an unusually high propor- 
tion of piositive reactors Omittmg the rheumabc children from these 
age groups, the percentages of positive reactors are changed from 51 
and 60 per cent to 13 and 34 8 per cent respectively for the hemolytic 
streptococcus antigen , for the green streptococcus, the percentages are 
lowered from 32 6 and 30 per cent to 0 and 17 4 per cent respectively 
The number of patients with rheumatic fever m any one age group 
above 15 years was insuffiaent to be of significant influence on the 
percentage of positive reactors 

When the positive reactors were further analyzed according to the 
intensity of their response (not shown m the table), it was found that 
of the 353 who reacted positively to the hemolytic streptococcus 
nucleoprotem, considerably over half (209) showed a strongly positive 
(ie -t--|--)-or-f--|--H-) response m contrast to only IS strong reactors 
among the 139 who reacted positively to the green streptococcus 
antigen 

In a detailed analysis of the cases under 15 years of age (ISO m 
number) we have observed several interesting facts As shown m 
table 3 these individuals have been divided mto two groups, non- 
rheumatic and rheumatic. The non-rheumabc group is comprised of 
106 mdividuals The rheumabc group contains 44 pabents all of 
whom were m some stage of convalescence from rheumabc fever or 
chorea Observmg first the reacbons to the hemolybc streptococcus 
nucleoprotem we find that out of the 60 non rheumabc children under 
the age of 5 years, 58 or 96 6 per cent failed to show any reacbon to this 
anbgen Thus, only 2 posibve reacbons were observed in the 60 inch- 
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viduals tested, while in the rheumatic group the one patient tested 
showed a positive reaction This one case, of course, has little sigmfi- 
cance, and due to the infrequency of rheumatic fever at this age, it 
will be difficult to obtain further data on this point The correlation 
between the occurrence of positive skm reactions and rheumatic 
infection is brought out stnkingly m the children over 5 years of age 
In the 6 to 10 year age group, of the 23 non-rheumatic children, only 


TABLE 3 

Results of tests in young individuals 





Hemolytic streptococcus nucleopro 
tcin (S 43) 

Intensity of reaction 

Green streptococcus nucleoprotem 
(V llOA) 

Intensity of reaction 


Age 

of 

cases 

tested 


Cases 

Percentage 


Cases 

Percentage 



— or 

iM 

-f or 
++ 

+++ 

or 

+"1-++ 

— or 

da 

+ to^ 

— or 


n 

B 

— or 

tb 

+ to 
+++ + 

Non-rheu- 



58 

2 

0 

96 6 

3 4 

60 

0 

0 

100 0 


6-10 

23 

20 

3 

0 

87 0 

13 0 

23 

0 

0 

100 0 


niatic 

11-15 

23 

15 

4 

4 

65 2 

34 8 

19 

2 

2 

82 6 


Total 


106 

93 

9 

B 

87 7 

12 3 

102 

2 

2 

96 2 

3 8 


0-5 

1 

0 

1 

0 

* 

« 

0 

1 

0 

* 

* 

Rheumatic 

6-10 

26 

4 

11 

11 

15 4 

84 6 

10 

14 

2 

38 4 

61 6 


11-15 

17 

1 

3 

13 

5 9 

94 1 

9 

8 

0 



Total 

1 


44 

5 


24 

11 4 

88 6 

19 

23 

2 

43 2 

56 8 


* Too few to treat statistically 


3 or 13 per cent reacted positively while in the 26 rheumatic children 
22 or 84 6 per cent showed a positive reaction In the 11 to 15 year 
age group, there were 8 positive reactors out of 23 (34 8 per cent) in the 
non-rheumatic children compared to 16 out of 17 (94 1 per cent) in 
the rheumatic ones It is noteworthy that among the rheumatic 
children vho had a positive skin reaction, well over half (24 out of 39) 
were strongly positive (-1--1--1- or +-1- + +), whereas there were but 

4 strong reactors out of the 13 non-rheumatic children who showed a 
positive reaction 
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An even more sinking preponderance of positive tests is seen in an 
analysis of the results with the green streptococcus antigen Here 
none of the non rheumatic children under 10 years showed anything 
more than a doubtful reaction and but 17 4 per cent of those from 11 to 
15 were positive whereas of the 44 rheumatic children 25 or 56 8 per 
cent reacted positively 

These figures reveal that the “peak” of positive skm reactors among 
children tested with our streptococcal antigens is considerably influ- 
enced by the presence or absence of rheumatic infection Omittmg 
the rheumatic individuals from the different age groups, as noted 
above, we find a gradual nse m the percentage of positive reactors as 
the children grow older m these first three age groups from 3 4 per 
cent to 13 per cent to 34 8 per cent with the hemoljiic streptococcus 
antigen and from 0 to 0 to 17 4 per cent with the green vanety With 
the rheumatic children the percentages are much higher in each group 
This finding of a high inadence of skm hypersensitiveness in patients 
suffering from rheumatic fever is m keeping with the observations of 
Swift and his co workers and others who have used vanous strepto- 
coccus products m their studies, and it emphasizes the important asso- 
aation of such hypersensitiveness with rheumatic infection 

In table 4 data from all the patients, irrespective of age, have been 
analyzed accordmg to the chief disease from which each suffered 
In addition there are three other groups, (no 10) 82 so-called normal 
individuals, (no 21) 28 children, and (no 22) 39 infants and premature 
babies The two latter groups were not suffiaently large to analyze 
accordmg to disease The table mdicates the number of individuals 
tested, the mtensity of reaction and the proportion of positive and 
negative reactors m each disease group The size of the divisions 
vanes considerably, but all are large enough to be of value The 
order of arrangement is according to the percentage of positive reac- 
tions to the hemolytic streptococcus nudeoprotein Here, as pomted 
out from table 2, one finds that there is a much higher proportion of 
positive reactors to this nucleoprotem than to that from the green 
streptococcus This is true for the individual disease groups as well 
as for the entire senes 

A few pomts respecting several of the divisions of this table are 
worthy of speaal mention In the first place aU patients suffenng 



TABLE 4 

Results of tests tn all individuals grouped according to disease 
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from rheumatic fever or chorea irrespective of age were more fre- 
quently hypersensitive to the antigens of both hemolytic and green 
streptococa than were those in any other disease group Of the 52 
patients in this division, who showed a positive reaction to the hemoly- 
tic streptococcus nucleoprotein, 29 or 55 8 per cent showed a -f--t--)--f 
response Secondly, whereas the percentage of positive reactors to 
this antigen (88 1 per cent) is only shghtly higher than that shown m 
several other disease groups, the piercentage of those reacting posi- 
tively to the green streptococcus nudeoprotem (50 8 per cent) is with 
four exceptions more than double that shown by any other disease 
group These pomts emphasize, as noted above, the strong tendeniy 
m mdividuals suffermg from rheumatic infection to show a high degree 
of skin hypersensitiveness to these antigens In contrast to this, of 
the 29 patients suffering from chrome cardiac valvular disease, only 
11 or 37 9 per cent gave a positive reaction to the hemolytic strepto- 
coccus antigen and only 3 or 10 3 per cent a strongly positive response 
All of these 29 patients had had rheumatic heart disease, but there 
was no evidence of recent active rheumatic infection, mdicatmg that 
the high inadence of hypersensitiveness seen m the early course of 
rheumatic disease does not piersist m later years 
Of the four patients with subacute bactenal endocarditis due to 
Streptococcus vmdans, only one showed a mildly positive test to the 
hemolytic streptococcus nudeoprotem and none to the green vanety 
This is a very small number of patients from which no deduction can 
be drawn The findmg, however, is in keeping with the observations 
of Kinsella and Garaa (16), Howell and Comgan (17) and Swift (18), 
who have noted a failure of patients suffering from this disease to show 
skm reactions when tested with h ving streptococci or their denvatives 
Of considerable mterest to us was the high madence of positive 
reactors to the hemolytic streptococcus nudeoprotem among the 
patients with gastric or duodenal ulcer Three fourths of these 
patients showed a positive reaction and of these (43 m number) 26 or 
60 4 pier cent were very strongly positive It is impossible to draw 
any defimte condusion from this fact any more than is possible from 
the similar high madence m the rheumatic fever group, however, it 
may be looked on as evidence favormg the conception hdd by some 
that peptic ulcer is assoaated with streptococcus infection It is 
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worth noting that the two patients with ulcer reported by Mackenzie 
and Hanger (4) gave strong reactions to streptococcal antigen 
The proportion and degree of hypersensitiveness shown in the 
diabetic and thyroid groups were rather unexpected, and no explana- 
tion for these findings is offered The arthntis group included all 
types of arthntis other than that of rheumatic fever Various stages 
of chromaty of the different forms were encountered There was no 
very evident correlation between the types of arthntis thought to be 
streptococcal in ongin and their skin hypersensitiveness to the nucleo- 
protems 


TABLE 5 

Results of tests in patients suffering from various forms of nephritis 


Type of nephntjs 

Number 
of cases 
tested 

1 

Reactions to hemolytic 
streptococcus nudeopro- 
teln (S 43) — cases 

Reactions to green strep 
tococcus nudeoprotem 
(V IlOA) — cases 

! 

— or 

4* or 1 

1 

; 

Hal 

HEM 

— or 

+ or 
++ 

1 

+++ 

or 

-I-H-+ 

Acute 

1 

1 

0 

1 

0 

1 

0 

0 

Subacute hemorrhagic 

10 

3 

2 

5 

4 

4 

2 

Chronic without edema 

12 

8 

1 

3 


2 

0 

Nephrosis 

7 

4 

1 

1 

2 

5 

2 , 

1 

0 

Total 1 

1 

30 

15 1 

1 

S 

10 

20 

8 

2 


The miscellaneous group included vanous diseases such as epilepsy, 
lead poisomng, mucous cohtis and others too few in number to be 
discussed separately Our finding that shghtly over half of the so- 
called “normals” were hypersensitive to the hemolytic streptococcus 
nucleoprotein was not unexpected, smce many gave a history of 
previous attacks of tonsilhtis or other infection commonly attnbuted 
to the streptococcus The low madence of positive reactions m the 
disease groups known to be due to unrelated microorgamsms — tubercu- 
losis, sj'phihs and pueumoma — again was not unexpected 

Taken as a group, the children, excepting those with rheumatic 
infection, gave the lowest percentage of positive reactions to the 
hemolytic streptococcus nudeoprotem (21 4 per cent), only 3 6 per 
cent gave any positive response to the green vanety There n ere no 
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positive reactions to either antigen among the infants and premature 
babies 

One disease group worthj of special attention is that with the diag- 
nosis of nephritis This included 30 patients of whom SO per cent 
reacted positivelj to the hemol 3 d:ic streptococcus nucleoprotem and 
33 4 per cent to the green variety A subdivision of these patients 
according to the type of nephntis from which they suffered (table 5) 
shows that not only did more of them react to the hemolytic than to 
the green streptococcus antigen, but abo the intensity of this reaction 
was defimtely more marked Again, patients with acute or subacute 
nephntis showed a much higher inadence of reactions than did the 
chrome cases without edema or those with so called nephrosis 

In no instance did anj of the individuals tested with the nucleo- 
protein from baker’s yeast show what might be considered a positive 
reaction 


DISCUSSION 

The purpose of this study was to ascertain the type and degree of 
response to an intradermal injection of streptococcus antigens in a large 
group of general hospital patients Much work has been done by 
Swift and his collaborators (1) (2) and by Birkhaug (6), Kaiser (7), 
Irvine Jones (8) and others m carrying out similar tests on patients 
suffering from the “rheumatic senes” of diseases Few of these 
workers have reported results m any large group of individuals with 
other diseases than rheumatic fever, though m many instances the 
control cases have been hospital patients with a vanety of ailments 
Our studies earned out on 670 hospital patients and normal controls 
showed that positive results may be obtamed in a great vanety of 
disease conditions so that the test has no speafic diagnostic value 
These results probably are not enturely comparable to those of other 
workers, smee most of them have used as test matenals either filtrates 
of cultures or unpunfied extracts of the vanous streptococa In this 
study the nucleoprotem fraction of two types of streptococa was used 
This fraction in each mstance had been reprecipitated until its mtrogen 
content was constant, then diluted and treated so that the potency of 
the test antigen presumably was constant throughout It should be 
noted that, although the two streptococcus nucleoproteins used con 
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tamed approximately the same amount of mtrogen (12 9 per cent), 
they varied markedly m their abihty to ehcit reactions This vari- 
ability closely paralleled the known virulence of the two species of 
streptococa from which the nucleoproteins were obtained Thus, m 
nearly every mstance was the response to the hemolytic streptococcus 
antigen (S43) greater than that to the green variety (VllOA) This 
IS even more striking m view of the fact that the dose of 'the first was 
only one-third as large as that of the second 

No satisfactory explanation for this observation is available Since 
both antigens were prepared in the same manner, it does not seem 
likely that one was denatured more than the other durmg preparation 
WTiether this is an mdication of a higher degree of sensitivity of the 
tissues to the hemolytic streptococcus antigen, of the greater preva- 
lence of this type of streptococcus as a pathogemc orgamsm, or of some 
unknown element of greater toxicity m this antigen as compared to 
the other caimot be said 

Does the age of the mdmdual tested play any part m determining 
tissue sensitivity to this nudeoprotem fraction of streptococa? If 
those patients sufiermg from rheumatic fever, of which there was a 
large number m the 6 to 10 and 11 to 15 year age groups are eliminated, 
then It can be stated that under the age of 5 years very few are sensi- 
tive, that between the ages of 6 and 15 years there is an increase m 
frequency of sensitiveness, and above 15 years there is no mdication 
that age plays any significant r61e These findmgs are quite in accord 
with those reported previously by Mackenzie and Hanger (4), who 
noted a failure on the part of young children to show skm hyper- 
sensitiveness to streptococcus products, and to those of Ando and 
Ozaki (11), who found that only 14 6 per cent of children between the 
ages of 2 and 5 years showed a positive reaction to streptococcus 
nudeoprotem, whereas above the age of 15 years 67 8 per cent of 
those tested reacted positively All the strong (-!--}-+) reactions 
which these workers observed, were m individuals over 10 years of age 
The fact that nearly all of the young patients tested by us failed to give 
a positive response would suggest that none of them had harbored 
infections due to streptococa of suffiaently long duration or intensity 
to allow their tissues to become sensitized to these orgamsms Fur- 
thermore, this findmg that nearly aU of the children under 5 years of 
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age failed to react, whereas between the ages of IS and 20 years some- 
what over half of the individuals tested showed some degree of hyper- 
sensitiveness is comparable to the observation of Opie, Landis, 
McPhedran and Hethenngton m their work on tuberculosis (19) 
These authors reported that m famihes not harbormg a source of 
contagion only 20 pier cent of the children at the age of S years showed 
a pxDsitive tubercuhn reaction, whereas about 100 pier cent m similar 
famihes at the age of 20 years gave a piositive test. 

The question anses as to what relation the occurrence of a positive 
skin reaction, considered as evidence of hypersensitiveness, bears to 
disease m any mdividual It is impio&ible to answer this d efini tely at 
the present time The figures in table 4 show that this hypiersensitive 
state IS encountered more frequently m some diseases than in others 
For instance, the patients suSenng from rheumatic fever gave an 
madence of 88 1 per cent piositive tests as compared to 54 9 per cent 
in the group of so-called normal mdividuals tested with the hemolytic 
streptococcus nucleoprotein. We feel that this high madence of piosi- 
tive reactors may well be of some significance, though one can go no 
further than state that it suggests the piossible rfile of the strepto 
coccus as an etiological factor m rheumatic infection There is 
further interest m the observation that mdividuals suffermg from 
diseases not infrequently attributed to streptococcal infecbon such as 
tonsiUibs, smusitis, arthritis, and acute or subacute nephritis gave a 
much higher propiortion of piositive skm reactions to the hemolytic 
streptococcus antigen than did individuals with diseases known to be 
due to qmte unrelated organisms, namely syphilis, tuberculosis and 
pneumoma There are also several disease groups (peptic ulcer, 
diabetes and thyroid disease), m which about three fourths of the 
patients were hypiersensitive, although the causative factors of these 
disturbances are unknown, and their relationship to streptococcal 
infection although suggested has never been proved. The occurrence 
of a high proportion of piositive reactors among patients with acute or 
subacute nephntisTs m keepmg with the recently published findmgs of 
Hansen Pruss, Longcope and O’Brien (20) These authors found a 
high madence and degree of hypersensitiveness to filtrates of vanous 
strains of streptococa among patients suffermg from these forms of 
nephritis Although the test antigens used m their observations and 



136 


SKIN REACTIONS TO STREPTOCOCaC EXTRACTS 


ours were not prepared m the same manner, Jt is possible that theirs 
contamed a considerable amount of nudeoprotem from autolysis 
dunng growth or that ours contained a toxic substance If this is 
true, then the similar findings have a common sigmficance, namely^a 
hypersensitive state of any or all the tissues of the body to strepto- 
coccus denvatives 

Is this hypersensitive state necessanly beneficial to the individual 
and one to be desired? It is probable that, could an effiaent immune 
state be obtained without concomitant hypersensitiveness, less injury 
would be inflicted on the tissues at time of reinfection There is 
evidence that it is harmful to the hvmg body As shown by Denck 
and Swift (15), when rabbits, made hypersensitive by repeated intra- 
cutaneous injections of live streptococa, are injected subsequently ' 
either into the tissues or intravenously with mmimal doses of the 
same or similar orgamsms they show respectively either locahzed 
fulminating lesions or acute widespread reactions often terminating in 
death Control ammals, tested in like fashion, show little or no 
reaction 

Rich and McCordock (21) m their work on tuberculosis beheve that 
hypersensitiveness to tuberde protein may not be necessary for the 
production of imm unity and suggest that probably it would be bene- 
fiaal to desensitize the body if possible “and so free the tissues from 
the danger of being destroyed by traces of baallary products ” If 
such be true, it is not suffiaent, As has been suggested previously (2) 
(22), merdy to eradicate foa of infection, when these are found in 
individuals suffenng from such diseases as rheumatic fever, acute 
nephntis and so forth, but an attempt should be made, if such indi- 
\nduals are found to be hypersensitive, to carry them by smtable 
vacanation from this to an immune state in which they can respond to 
a maximum insult with a minimum of tissue reaction Such work, 
started in patients with rheumatic fever (23), appears to favor such a 
conception, but time will determine its ultimate value » 

SUMMARY 

1 Intracutaneous tests, made with the purified nudeoprotem frac- 
tion of a hemoljTic and green streptococcus were studied in a group of 
670 individuals, most of them patients in the medical wards of a 
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general hospital The antigens used were purified till their nitrogen 
content was constant A similar protan from baker’s yeast was used 
as a control in part of the work 

2 The hemolytic streptococcus nucleoprotein almost umformly 
induced stronger reactions than did the green streptococcus antigen 

3, In individuals over 15 years, age plays no part in detenmning the 
presence or absence of sensitiveness to these antigens In children 
under 15 years of age there is with mcrease in age a gradually increas 
ing proportion of positive to negative reactors This proportion is 
influenced markedly by the presence or absence in children of rheu- 
matic infection, the percentage of positive reactors among the rheu- 
matic group outnumbering that in the non-rheumatic group by a mde 
margin 

4 Since piositive reactions may be obtamed in a great vanety of 
diseases, the test has no speafic diagnostic value 

5 The disease from which one suffers at the time of tesUng appears 
to bear some relationship to the state of sensitiveness Whether this 
IS cause and effect or merely an assoaation more apparent than real, 
the present work does not reveal 
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STUDIES m CONGESTIVE HEART FAILURE 


IX The Eetect of Digitalis on the Potassium Content of the 
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NaskvtUe) 

(Rcoelvcd for publicadon October 3, 1930) 

Previous investigations (1, 2) have shown that the potassium 
content of the cardiac muscle is decreased m paUents dying of con- 
gestive heart failure This diminution was found only m dilated 
hearts and appeared to be related to overwork and the attendant 
fatigue As digitalis is the sovereign remedy in the treatment of 
cardiac fatigue it was thought that knowledge of its effect on the 
potassium content of the hearl; was desirable 
The drug was given subcutaneously as Digifohn (Ciba) to dogs m 
doses of varymg size. The plan of administration consisted m givmg 
the equivalent of a full therapeutic dose m man, i e , 0.2 to 0 3 cc. 
per kilogram of body waght m twenty-four to forty-eight hours and 
then givmg larger or smaller daily “mamtenance” doses, accordmg 
to whether “toxic” or “therapeutic” effects were desired At mter- 
vals varying from one to thirty seven days after the administration of 
the drug had been started the animals were killed, and their hearts 
were analyzed for potassium accordmg to the techmque which has been 
descnbed m our previous studies Daily pulse counts and electro- 
cardiograms were made m some of the ammals 
Twenty-seven ammals were used m the course of the experiment 
and they were divided mto four groups on the basis of the amount of 
digifohn given them The “control” group which numbered ten, 
received no digitahs, three of these were healthy normal dogs which 
were killed by bleedmg, the other seven ammals had been utilized 
for various types of experimental studies <which did not mclude the 
administration of digitalis The second group comprised ten animals 
to whom digifohn was given m “therapeutic” doses — by which is 
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meant in amounts msuffiaent to produce toxic symptoms The most 
charactenstic toxic symptom in dogs being vomiting, no ammal who 
vomited or who appeared very ill whether or not there was actual 
vomiting, was put m this group Seven ammals received digifohn 
in “toxic” doses, four of these were killed and three given suffiaent 
digifohn to cause death (i e , “fatal” doses) It will be noted that 
some of the animals m the toxic group received less of the drug than 
did many in the “therapeutic” group, but they usually received more 


TABLE 1 

The solids and poiassutm content of the cardiac muscle of dogs not recemng digitalis 


Animal 

number 

Right vcntncle 

Left vcntncle 

Remarks 

SoUds 

Potas 
aiura in 
dry 
tiMue 

Potas 1 
Slum m 1 
wet 1 
tissue 1 

Solids 

Potas- 
sium m 
dry 
tissue 

Potas- 
Slum m 
wet 
tissue 


per cent 

per cent 

per cent 1 

per cent 

per cent 

ptr cent 


Ni 

22 9 

1 50 

0 345 

23 0 

1 33 

0 314 

Normal 

N 

21 5 

1 76 

0 378 

22 3 

1 48 

0 330 

Normal 

N, 

22 8 

1 51 

0 365 

22 8 i 

i 


0 320 

Normal 

E B 22 

20 3 

1 50 

0 305 

21 4 

1 70 

0 364 

Barbital spmocame 

E B 23 

20 7 

1 29 

0 266 

20 9 


0 272 

Barbital spmocame 

E B 24 

21 0 

1 86 

0 390 

20 8 

1 65 

0 342 

Barbital spmocame 

E B 25 

21 8 

1 44 

j 0 313 

22 0 

1 39 

0 306 

Barbital spmocame 

E B 26 

1 

21 4 

1 60 

0 343 

22 0 

1 

1 45 

1 

0 320 

Barbital spmocame 

A B 2 



1 

1 

22 4 

1 37 

0 307 

Traumatic shock 

A B 3 




, 21 9 

1 35 


Traumatic shock 


in proportion to the length of time the drug was admimstered Vomit- 
ing was considered the cntenon of toxicity The three animals in 
the “fatal” group received large amounts (4 8 to 11 0 cc per kilo) of 
digifohn and death was due to the action of the drug 

RESULTS 

The changes m the chmcal states, pulse rates and electrocardiograms 
were the same as are usually foimd in dogs to which digitalis has been 
given These have been /considered in detail by other authors and 
need not be discussed here 

The values for the sohds and the potassium content of the hearts 
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TABLE 2 


The toUjl soitds and potassium content of the cardiac muscle of dogs receiving digitalis 



1 

§ 

RIffat ventride 

Left ventride 




i 

z 

*8 

g- 

1® 

1 


ji 

P* 

a 

V 

|k 

3 

A 

a 

|l 

i| 

Vonrit 

be 


Remitks 

Dr 

D, 

days 

1 

1 

u ptr 

Hh 

0 25 
0 25 

hrr 

cent 

20 9 

cmi 

1 24 
1 34 

cent 

0 280 

ffr 

cent 

21 8 
21 3 

cent 

1 28 
1 40 

cent 

0 280 
0 298 

0 

0 

KHIrd 

Killed 


D, 

2 

0 60 

21 7 

1 71 

0 370 

22 0 

1 45 

0 319 

0 

Killed 


Dio 

2 

0 60 

20 9 

1 69 

0 353 

20 2 

1 73 

0 349 

0 

■ictirTii 


D„ 

1 

0 55 

22 1 

1 06 

0 234 


1 46 

0 337 

0 

KiUed 

"Therapeutic 

D. 

4 

1 4 

22 0 

1 17 

0 258 

22 6 

1 45 

0 327 

0 

Killed 

doses’ 

D, 

4 

1 4 

22 6 

1 29 

0 290 

23 0 

1 49 

0 342 

0 

Killed 


Di, 

30 

1 31 

18 1 

1 21 

0 218 

iE¥i 


0 187 

0 

fmm 


Di. 

37 

1 52 

20 3 

1 56 

0 317 

21 2 

ng 

0 301 

0 

Killed 


Du 

36 

1 57 

20 9 

1 55 

0 324 

22 4 

1 30 

0 291 

0 

Killed] 


Du 

7 

0 75 

22 0 

0 99 

0 217 

21 3 

1 14 

0 243 

++ 

Killed 


Du 

14 

0 95 

20 1 

1 15 

0 231 

20 3 


0 221 

+ 

Killed 

Toxic doses 

D., 

21 

1 10 

20 9 


0 208 

21 9 


0 219 


Killed 

D, 

11 

5 0 

20 8 

1 16 

0 240 

21 1 


0 190 

+++ 

KflledJ 


D. 

s 

4 8 

RBI 

0 85 

0 172 

22 2 

IM 

0 228 

+++ 

Died ] 


D> 

8 

5 7 

20 6 

■IKM 

0 201 



0 217 

+++ 

Died 

Fatal doses 

D, 

17 

11 0 

27 5 




llg 


+++ 

Died J 



TABLE 3 

Average values for Ike solids and potassium content of the cardiac musde of dogs^ arranged 
according to the amount of digitalis administered 


Number 

of 

enlraiU 


Rlcht TcutricJe 


Left ventricle 






















142 


POTASSIUM OF CAFDIAC MUSCLE 


of the control animals are shown in table 1, and the findings in the 
dogs which received digitahs are given in table 2 For the sake of 
danty average values for the four groups of animals are given in 
table 3 The percentage of sohds was practically the same in the dogs 
which received digitahs as m the controls The potassium content 
of the cardiac musde was markedly decreased m those animals which 
received toxic or fatal doses of digitalis The a nim als which received 
“therapeutic” doses of digitahs had on the average about fifteen per 
cent less potassium in their nght ventndes than did the controls 
However, the left ventndes contamed only about three per cent less 


TABLE 4 

The effect of digitalis on the potassium content of skeletal muscle 



1 

•3 

O 

w 

Potassium in 
dry tissue 

pi 

2 o 

•gft 

Remarks 



per 

per 

Per 




cent 

cent 

cent 


( 

Ni 

24 9 

1 22 

0 304 

No digitalis 

Controls •{ 

N, 

23 6 

1 43 

0 338 


1 

N, 

25 9 

1 31 



Dogs receiving f 

Di 

25 7 

1 22 


Received digitahs for eight days Death 

digitalis \ 

D, 

24 8 

1 24 


from digitalis intoxication 


In order to determine whether or not the effect of the drug m regard 
to potassium was specific for cardiac musde the skeletal musde was 
analyzed m two a nim als which were given fatal doses of digitahs 
In both of these animals the potassium content of the heart was 
markedly diminished (table 2, dogs Di and Di) but their skeletal 
musdes contained normal amoimts (table 4) These observations 
suggest that the action of digitalis on potassium distnbution may be 
speafic for cardiac musde 


DISCUSSION 

From these data it seems dear that digitahs m toxic dosage causes 
a diminution m the potassium content of the cardiac musde of dogs 
but not of their skdetal musdes, while m amounts correspondmg to 
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therapeutic doses m man this effect is either absent or verj shght 
Smce the majority of the animals which exhibited diminution m the 
potassium content of heart muscle vonuted more or less copiously, 
the question arises as to whether this diminution imght not have been 
due to the vomitmg per se rather than to a more direct action of the 
drug This appears unlikely because if loss of potassium from the 
body due to vomitmg occurred, one would expect the skeletal as well 
as the cardiac muscle to be affected Such was not the case 

It was shown m previous papers (1, 2) that the potassium contents 
of the cardiac muscle of patients dymg of congestive cardiac failure 
were decreased Smce aU of these subjects had received digitalis 
one rmght be mchned to think that the drug rather than the disease 
was the cause of the loss of the potassium However, doses corre- 
sponding to those given the patients caused httle or no decrease m the 
potassium content of the dog’s hearts Furthermore, it was shown 
that, m patients who received no digitalis, dilatation of the nght ven- 
tncle due to massive coUapse of the lung or to pneumoma was associ- 
ated with an abnormally low potassium content of that ventncle onlj , 
whereas, m dogs digitalis affects the potassium content of both i en- 
tndes simultaneously For these reasons it appears that dilatation 
rather than digitalis was the chief cause of the changes previously 
reported m human subjects 

At the present tune we are not m a position to understand the sig- 
nificance of the fact that even m therapeutic doses there seems to be 
a shght tendency for digitahs to diminish the potassium content of 
the heart muscle The dose rdabon of calcium to digitahs action 
is well known (3) (4) and it is conceivable that digitalis may act m 
such a way as to readjust the ionic balance, even at the expense of loss 
of base from the musde A study of calaum m the cardiac musde 
IS now bemg instituted. 


SUMMARY 

The potassium content of the cardiac musde was markedly less m 
a senes of dogs receiving toxic doses of digitahs than m a group of 
control animals Dogs which were given doses correspondmg to those 
used therapeutically in man had a httle less potassium m their hearts 
tVinn did the controls but the difference was slight The potassium 
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content of skeletal muscle was not less m dogs receiving digitalis 
than in control ammals 
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THE HEART RATE OF BOYS DURING AND AFTER 
EXHAUSTING EXERCISE 

By ERNST P BOAS 
(Received for publication October 31 1930) 

In most studies of the reaction of the heart rate to eierase, because 
of techmeal difficulties, observations have been made only before and 
after, but not dunng the exercise The cardiotachometer (1) offers a 
simple means of following the heart rate continuously dunng penods 
of rest and violent activity The action current of the heart is led 
from the body by two chest electrodes to an amphfier The amplified 
current operates a relay S3^tem and an electromagnetic counter 
With this mstrument I have studied the effect of exhausting exercise 
on the heart rates of 27 boys ranging in age from 9 to 15 years The 
wires connectmg the subjects with cardiotachometer were lOf) feet 
long, givmg them a free range of activitj The exerase consisted m 
havmg them run back and forth in a long comdor until they were 
nearlv exhausted, and then up a flight of stairs and down again The 
duration of the exerase m the mdividual cases varied from 2 to 4 
rmnutes with an average of 2} mmutes Immediately followmg the 
exerase the subjects lay down on a bed where thej remained until 
the end of the expienment The seventy of the exertion is shoivn 
by the fact that 10 of the boys fell asleep while resting afterwards 
Table 1 presents a summary of the findings The average of the 
differences between standing and lymg heart rates is 14 6 This 
corresponds to a difference of 15 7 found by Franke (2) m young men 
aged 20 to 22 A study of the level of mitial pulse rates, of the 
difference between the rate standmg and lymg, and of the maximum 
rate, m relationship to the body habitus, the configuration of the heart 
as shown by x raj exanunation, and the blood pressure, reveals no 
correlations In another senes of normal cases I have been able to 
show a similar lack of correlation between heart rate and vanous 
boddy measurements (3) The boys were further classified accordmg 
to a subjective estimate of thar phjrsical fitness, and no defimte differ- 
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Heart rales before and after exercise 
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ence between the initial pulse rates, nor the level reached after exercise 
m the several groups was noted Apparently the differences in the 
degree of training were too shght to manifest themselves in this way 

A stnking feature was the very high maximum heart rate shown by 
most of the boys The average malximum rate counted for a full 
minute occurred durmg the second mmute of exercise and was 182 6 or 
two and one half times the restmg rate The average maximum rate, 
calculated from the highest rate observed in a fifteen second interval, 
was 190 0 and occurred on the average 97 seconds after the commence- 
ment of the exerase In three cases the maximum rate was over 200, 
namely 202, 204, and 200 In adults with severe work the maximum 
IS given usually as from 160 to 170 (4), yet Henderson (5) has observed 
a rate of 246 after 30 mmutes of exhaustmg exerases which resulted 
in collapse 

The absolute maximum heart rate attained does not depend on the 
imtial resting pulse rate nor on the duration of the exercise Others 
have shown that the nse in heart rate with exerase depends m part 
on the amoimt of work performed, and in part on the speed with which 
it IS earned on In the present study the boys were dnven so far as 
possible to their physiological limit The differences between them 
did not manifest themselves so much in the absolute height to which 
the heart rate rose, as by the tune of occurrence of the maximum in 
each case The boys who were exhausted after less than three minutes 
of exercise showed their maximum rate on the average 90 seconds 
after the beginmng of exerase, while those who exerased more than 
three mmutes before having to stop exhibited thar maximum rate on 
the average 120 seconds after the begmmng of exerase This does not 
necessarily mean that the boys who exercised for longer penods of tune 
were capable of greater exertion, some of them did not put forth the 
maximum effort of which they were capable imtil they were repeatedly 
urged and exhorted 

The mcrease in heart rate, that is the difference between the lymg 
rate before exerase and the maximum durmg exerase was on the 
average 114 9 This inaement in rate was the greater, the lower the 
initial heart rate Thus those wnth an increment of over 121 had an 
average mitial rate of 66 1, those with an increment between 110 and 
120 had an average imtial rate of 75, while those whose increment was 
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less than 110 had an average initial rate of 81 2 Jaquet (4) has 
made a similar observation Part of the accelerabon mduced by 



Fig 1 Heaet Rate dueinc Exekosx of Case 16 



Fig 2 Heart Rate during Exeiose of Case 25 

exerase is covered by the high initial rate, which already represents a 
response of the heart to stimiih which raise the rate considerably 
above the basal 
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As has been found by Bowen and others (6, 7, 8) the acceleration 
of the pulse begins immediately with exerase This is well shown m 
the curves (fig 1 and 2) Deceleration begms just as promptly, and 


TABLE 2 

Dtfferewe between heart rates (lying) before and after exercise 


Time in minutes after end of exercise 


Case number 



1 1 

2 

3 

4 

5 

10 

IS 

30 

60 

1 

1 

40 

31 

31 

35 



31 

20 


2 

S3 

41 

35 

33 


32 

28 

11 


3 

84 

57 

45 

38 


41 


30 


4 1 

42 

25 


23 

23 

27 

13 

16 


5 1 

36 

28 

22 

24 

23 

22 


20 


6 

so 

31 


25 

26 

23 

23 



7 

26 

21 


15 

19 

24 


17 

is 

8 

14 

5 

16 

12 

14 

12 


14 

11 

9 

39 

20 

25 

20 


17 

16 

15 

0 

10 

62 

46 


39 

35 

33 

24 

22 


11 

57 

40 


29 

29 

30 

33 

26 

12 

12 

57 

41 

30 

25 

22 

25 


21 

18 

13 

47 

34 

33 


27 


29 

24 


14 

72 

64 

48 

43 

43 

42 

37 

29 


IS 

31 

28 

22 

, 21 


22 


16 


16 

37 

25 

19 

1 13 

18 

16 

17 

13 

5 

17 

22 

10 

19 

1 12 

12 

17 

i 12 

11 

2 

18 


62 

37 

i 27 

28 

28 

21 

20 

19 

19 

60 

51 

51 

49 

41 

37 

37 

35 

24 

20 

68 

29 

28 

29 

29 

32 

33 

16 


21 

49 

38 

33 

33 

35 

28 

26 

25 

24 

22 

55 

39 


32 

35 

35 

34 

22 

18 

23 

48 

46 

40 

i 43 

44 

45 

42 

37 

33 

24 

61 

46 

32 

29 

28 

30 

30 

20 


25 

56 

51 

45 

1 40 

40 

37 

32 



26 

67 

42 


1 33 

27 

27 

21 

16 

3 

27 

67 

41 

34 

I 34 

40 

39 

33 

21 

20 

A\ erage 

48 1 

30 

32 7 

29 2 

29 5 

28 8 

27 2 


13 4 


Within the first mmute after exerase the major drop in rate is already 
completed 

jMuch attention has been paid by students of the cardiovascular 
effects of exerase to the time that elapses after exerase before the 
pulse rate returns to the restmg figures With hght exerase this is 
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accompbslied in two minutes or less After heavy work the pulse 
rate may remam high for many hours (4) and a rapid rate may even 
persist durmg sleep on the subsequent mght (9) In only 5 of 18 of 
our bo}rs who were followed for a full hour after the exerase did the 
pulse return to withm 5 beats of the previous restmg level at the end 
of an hour In the whole group the average of the mitial lymg rates 
was 74 2, and the average rate at the end of the experiment, which was 
on the average 51 5 minutes after the completion of the exerase, was 
86 8 Thus after almost an hour the heart rate was on the average 
12 6 points higher than before the exerase 

In table 2 the differences between the heart rates (lymg) before the 
exercise, and in successive mmutes after the exercise are recorded 
There is a rapid drop m rate dunng the firdt two mmutes after exercise, 
and then a very slow drop of about ten beats m the next half hour, 
and 7 beats m the succeedmg half hour 

We found, as have others, that m the boys who were m better 
physical condition the reduction m heart rate after exercise occurred a 
httle more rapidly The duration of the exerase was without visible 
effect The closeness with which the heart rate at the end of the 
experiment approached the rate before exercise was defimtely m- 
fluenced by the level of the ongmal rate Thus those boys m whom 
the difference m rate before and after exerase was IS or less had an 
average imbal restmg rate of 77, while m those m whom the difference 
was over 15 the original rate was 71 The speed with which the 
heart rate returned to normal was not influenced by the maximum 
rate that had been reached dunng the exercise 

SOMMARY 

Slowmg of the heart rate after exercise is so rapid that a true 
picture of the effect of exercise on the curve of heart rate can be gamed 
only by recordmg the rate contmuously durmg exercise Such a 
study, earned out with the cardiotachometer, on 27 boys subjected 
to exhaustmg exerase showed an average maximum rate durmg exer- 
cise of 190 The highest recorded rate was 204 Although the 
major drop m rate is completed withm one minute after exercise, 
m most cases, the rate is stiff considerably above the restmg level at 
the end of an hour 
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HIGH NITROGEN DIETS AND RENAL INJURY 

The Dependence of the Injury upon the Nature of the Nitrog- 
enous Substance 

L H. NEWBURGH and ilARGARET WOODWELL JOHNSTON 
{From tfte Department of ItiUmal ifedutne Unitersity of ilichipaH Ann irbor) 
(Received for publication October 27 19^) 

An earUer report from this laboratorj dealt with the effect upon the 
kidneys of the white rat, of diets high in protem from different sources 
The first diet contamed a nuxture of seeds supplemented with casein in 
order to increase the total protem A second group of rats received 
diets m which casern was the onl> protem Lean beef muscle was the 
source of protein for the third diet, whereas beef hver furnished the 
protein in the fourth diet Our erpenence with these diets brought 
out the sigmficant fact that the extent of the injury was largely deter- 
mmed by the nature of the mtrogenous material employed Thus we 
were able to state that “Diets contaimng 75 per cent of dried hver pro- 
duce a granular kidney in less than one year, but the same amount of 
casern fed sixteen months, causes only a moderate tubular injury 
The effect of a similar amount of beef muscle is mtermediate between 
these two ” Smce the casein diets m which aU (or almost all) of the 
ratrogen was present as pure protem, caused only negligible mjury , and 
smce the beef muscle and hver diets in which a considerable mcrement 
of the mtrogen was present m the form of punnes and other nonprotein 
mtrogenous complexes, worked such marked injury, we were led to 
suspect that the pure protem m a diet does not harm the kidney, but 
that the nephropathy has its ongm in the nonprotein mtrogenous sub- 
stances present in ammal tissues — such as muscle and hver 

In order to test this idea, we fed diets to rats containing 75 per cent 
of lactalbumm, and wheat and soya bean “gluten” m as large amounts 
as IS consistent with a normal supply of xntammes and salts These 
latter two diets contained about 70 per cent of protein Neither the 
ammal protem (lactalbumm) nor the xagetable proteins, were capable 
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of producing demonstrable renal mjury At tbe end of a year’s feed- 
ing, the unnes as well as the histological sections of the kidneys were 
normal A further reason for believmg that the piure protem of a diet 
does not onginate renal disease, is to be found m the fact that the excre- 
tion of large amounts of urea for a long time does not injure the kidney 
We added suffiaent urea (1) to an otherwise normal diet to produce a 
nitrogen metabohsm equal to that resultmg from a diet contaimng 40 
per cent of protem Other investigators (2) have had a similar expe- 
rience 

On the other hand, it is qmte clear that the mgestion of animal 
tissues causes the liberation or formation of something that is highly 
injurious to the kidneys As already pomted out, diets high in muscle 
or hver cause fibrotic renal lesions However, when equal amounts of 
hver and beef are fed, it is foimd that hver is much more mjunous 
than beef In our earher paper (1) we pomted out that rats invanably 
died in less than one year when three fourths of the diet consisted of 
liver, and the kidneys of such animals were granular due to the large 
patches of fibrous tissue distributed in the charactenstic manner 

More recently diets contaimng lesser amounts of dned whole beef 
liver had been fed The damage caused by 60 per cent of hver seemed 
to be almost as severe as that found in the earher series of animals that 
ate the diet contaimng 75 per cent of liver 

Diets in which the hver made up 40 per cent of the dry weight were 
more successfully survived by the rats They were able to grow at the 
standard rate and at the end of one year, some of them stiU looked 
outwardly well For example, one such female,^ born January tenth, 
1929, was placed on the diet on the mnth of February, 1929, when the 
body weight was 46 grams Twelve months later the animal weighed 
220 grams The urme at this time contained 1 6 per cent of albumm 
and 900 casts per cubic centimeter The kidneys weighed 2 1 grams 
The outer surface was finely granular, grayish brown, mottled with 
pale gray areas 

^Microscopically these kidneys showed the same type of disease as 
that descnbed for the ammals that received the larger amounts of 
liver (1), but the lesions were, as was to be expected, less extensive 

^ At autops\ many of our older rats show the chronic purulent pneumonia 
famihar to other investigators The lungs of this animal were normal 
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The outstanding features m both cases, were the degeneration of tubu- 
lar epithelium and the patchy fibrosis 

WTien the diets contamed only 20 per cent of hvcr, no evidence of 
renal mjury was obtained 

In the search for a more definite cause of this nephropathy, one may 
think of such a tissue as liver as made up mainly of three types of sub- 
stances, 1 e , (1) the proteins, (2) the large group of nonprotem nitrog- 
enous compounds, and (3) the lipids Reasons have already been 
ated for concludmg that the renal injury could not be attnbuted to the 
proteins In order to determine which of the other two groups con- 
tamed the nephrotoxic substances, dned powdered liver was thoroughly 
extracted with ether and the residue fed It did not seem necessary 
to feed the ether soluble fraction smce, theoretically, fats are com- 
pletely oxidized to carbon dioxide and water Further when such 
matenal 15 mcorporated in diets beyond one third of the dry a eight, 
the rats wiU not eat enough of it to carry out the experiment 

The ether insoluble residue of hver caused the development of 
kidney disease in the rats that appeared to be entirely analogus to that 
produced by whole hver For example, rat 414 ingested a diet contam- 
ing 50 per cent of hver residue for twelve months, when it weighed 212 
grams and gave the appearance of health The unne contained 2 per 
cent of albumm and about 5000 casts per cubic centimeter At 
autopsy normal lungs were found The kidneys weighed 2 1 grams 
and the outer surface was finely granular and mottled HistologicaUy 
these kidneys could not be distinguished from those of the rats that 
received the whole hver 

Smce none of the pure protems that we fed were capable of causmg 
defimte kidney mjury, and smce the hver from which the hpids had 
been removed produced severe injury, it seemed highly probable that 
the nephrotoxic substances were to be found m the nonprotem mtrog- 
enous fraction It wiU be recalled that hver is much more damaging 
to the kidneys than beef muscle m equal amounts, and smce hver, like 
other glandular tissues, is nch m nuclear matenal, it seemed hkely 
that these mtrogenous substances might be chiefly responsible for the 
mjury 

We accordmgly prepared the sodium salt of nucleic and accordmg 
to the method of Jones (3) and fed it to rats The sodium nucleate 
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was substituted for the cornstarch in the following basal diet, in such 
amounts that the nucleate made up 5, 10 or 20 per cent of the diet 
respectively 


Basal diet 


Lean beef muscle 

15 

Com Starch 

52 5 

Dned jeast 

5 

Lard 

20 5 

Salt Mixture (Osborne and Mendel) 

4 

Cod h\er oil 

3 


100 0 


No kidney injury was detectable in the rats that received the diet 
contaimng 5 per cent of sodium nucleate 

On the other hand, half of the rats that ate the two higher diets 
began voiding bloody unne after three to four months, and frequent 
subsequent inspection of the unnes of these ammals always revealed 
gross hematuna The reraaimng rats never had macroscopic blood 
in the unnes Under the microscope the irregular occurrence of red 
blood cells was recorded None of the unnes contained an abnormally 
large number of casts This was the case even when the shghtly acid 
fresh specimens were examined The absence of casts became the 
more interesting when it was seen, by means of the microscope, that 
the nucleic aad was capable of causing extensive renal injury 

A majonty of the rats failed to reach the standard adult weight, 
but the kidney disease can not be attnbuted to the malnutntion, since 
the rats that ate the diet contaimng 5 per cent sodium nucleate had 
normal kidneys, even though they grew poorly Furthermore, the 
ammals on the higher diets grew at least as well and showed kidney 
lesions 

The microscopic study of the k'dneys (figs 1,2,3, and 4) showed that 
the nephropathy produced by nucleic acid is charactenzed by an ex- 
tensive formation of fibroblastic tissue and by the hyperplasia of the 
■walls of the artenoles The amount of new connective tissue was 
roughly proportional to the concentration of the sodium nucleate m 
the diet In the kidneys m w hich it occurred in the largest amounts, 
It w as distnbuted m irregular patches and bands throughout the cortex 
and extended into the medulla The bands w ere, how ever, most fre- 
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Fig 1 Part of a Broad Patch of Fibkods Tissde That Extended from the 
Outer Third of the Cortex Deep into the Meddixa 

Several of these large fibrous areas were seen in even section of the kidney 

No definite disease of the glomeruh theinsel\es could be detected 
Some of them imbedded m a patch of fibroblasbc tissue were compressed 
and showed thickemng of Bowman’s capsule A few fine adhesions 


The convoluted tubules were frequently dilated Occasionally the 
dilatation was great enough to produce a cyst-hke cavity The tubu 
lar epithehum showed well marked cloudy swelhng 




Fig 2 Siuller Patches of Connective Tissue Were Ver\ Numerous 

In the center of the field is a greatly thickened arteriole The glomeruli appear 
to be normal 



Fig 3 Scattered through the Cortev ere Areas of This Tvpe, in Which 
Mav\ Small Rol-nd Cells Were Imbedded in the Fibrous Tissue 

A thick Balled artenole had been cut longitudmalK Cloud\ sBclIing of the 
tubular epithelium was marked 
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In the medulla, the tubules contained a considerable amount of cala- 
fied coagulum A few casts were seen 
In the case of the animals that had shown the hematuria, the 
kidneys, in addition to the above findings, displayed extreme vascular 
dilatation and verj many small and large hemorrhages , , 

This demonstration that the degradation products of nuclear mate- 
nal are capable of causing Lidnej disease, bnngs up the question of the 



Fig 4 Higher Magnification of A^ Arteriole 
In the normal rat Lidnei it is difhcult to find arterioles with this magnification 
because the walls arc so thm 

relationship between this fact and the production of nephropathy by 
animal tissues The sodium nucleate ted by us contained 13 per cent 
mtrogen TheoreticaUj two thirds of it was m the purm form Ac- 
cording to Bunan and Schur (4), liver contains 0 12 per cent of purm 
mtrogen Dned hver would contain, roughly, three times as much, 
or 0 4 per cent A diet made up of 50 per cent of dned hver is defi- 
mtely nephropathic, and contains only 0 2 per cent purm mtrogen, 
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whereas the diet lowest in nucleic acid that injures the kidney contains 
four times that amount of punn nitrogen Furthermore, the micro- 
scopic appearance of the lesions is different m the two cases It would, 
accordingly, appear to be true that liver contains forms of nonprotein 
nitrogen other than the purins that are nephropathic Since m the 
case of muscle the punn nitrogen is only half that of hver, it is even 
more probable that the punn fraction can only be one of the causes of 
injur)’’ 


CONCLUSIONS 

1 A diet contaimng as little as 40 per cent of dned beef hver is 
nephropathic for the white rat 

2 A diet contaimng 20 per cent of sodium nucleate produces a 
granular kidney in eight months or less Microscopically the disease 
IS charactenzed by abundance of fibroblastic tissue and by thickening 
of the media of the artenal waU 

3 A diet contaimng 10 per cent of sodium nucleate produces similar 
lesions of lesser degree 


BIBLIOGRAPHY 

1 Newburgh, L H , and Curtis, A C , Arch Int Med , 1928, xhi, 801 Pro- 

duction of Renal Injur)’ m the White Rat by the Protein of the Diet 

2 Osborne, T B , Mendel, L B , Park, E A , and Wintemitz, !M C , J Biol 

Chem , 1927, baa, 317 Physiological Effects of Diets Unusually Rich m 
Protein or Inorganic Salts 

Hinman, F , J Urol , 1923, ix, 289 Renal Counterbalance 
\ddis, T , MacKai , E Ivl , and !MacKa) , L L , J Biol Chem , 1926, Ixxi, 139 
The Effect on the Kidney of Long Continued Admmistration of Diets 
Containmg an Excess of Certain Food Elements 

3 Jones, alter. Nucleic Acids London, Longmans, Green and Co , 2nd Ed , 

1920 

4 Bunan, R , and Schur, H , Arch f d ges Phi siol , 1900, Ixxx, 308 Ueber die 

Stellung der Purmkorper im menschlichen Stoffwechsel 


PROCEEDINGS OF THE THIRD ANNUAL MEETING OF THE 
CENTRAL SOCIETY FOR CLINICAL RESEARCH HELD 
IN CHICAGO, NOVEMBER 21, 1930 

FocaJ Necrosis of the Ltvcr Bj Wu J Dieckmann, il D , St Louis, Mo 

Eddington m a report of focal necrosis of the liver as a result of ligabon of the 
common duct and infection with B aertr\ckc, noted that one of the controls >vith 
hgatlon of the common bile duct, happened to be well advanced in pregnanc\ It 
died four days after the operation and although its li\'er showed n ell marked focal 
necrosis, careful cultural In^'cstigations were negative. 

We have produced focal necrosis of the liver by feedmg meat to dogs and inject 
mg tissue fibrinogen m the penpheral circulation Lesions produced m this way 
showed a peripheral hemorrhage and necrosis, the lesion characteristic of eclampsia 
Eddington’s expenmcnts ha^e been repeated, using chiefly pregnant guinea 
pigs near term Marked liver lesions have been produced, some showing heraor 
rhoge, but the majont> pure necrosis The lesions have been mo3tJ\ central and 
mid zonal 

Untovard Effects of Intravenous Sodium Chloride Solution tn Severe Renal Insiffi 
ctency B> E G Wakefield, ME ,andN M Ketth ,ME , Rochester, Minn. 
Two cases of chronic glomerulonephritis with severe renal insuffiacnc} showed 
an intolerance to the mtravenous administration of sodium chlondc Both had a 
blood creatmm of 12 ragm per cent on admission In both, the prolonged intra- 
venous injection of ten per cent glucose solation contammg one per cent sodium 
chlonde resulted in anuna or oliguria Subsequent administration of glucose solu 
tion alone resulted in a satisfactory unnarv excretion These findings have both 
theoretical and practical significance. 

Experimental Edema By S A Shelbukke, M I) , and W C Eglofp, M D , 
(b> invitation) and M A Blankenhorn, D , Cleveland, Ohio 
Edema was produced in a dog b> a diet low in protem but adequate in carbo- 
hjdrate, fat, and vitamin Edema was also produced nipidl> by the selective 
removal of plasma protem in dogs that were fed the same diet The chemical, 
pathological, and clinical findmgs in these dogs were almost identical and resembled 
starvation edema (Der Oedemkrankheit) more nearly than an> other E^^ld^ome. 

Further evidence of the greater importance of the sodium ion as compared to the 
chlonde ion was added smee sodium chloride and sodium bicarbonate increased 
edema while potassium chlonde did not 
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E\adence is presented to show that the chlonde excreting power of the kidnej is 
normal in experimental edema of low plasma protem ongm 

The Renal Lesions in Dogs Willi Experimental Hypoproleinemia B}'- Louis 
Leixer, M D , Chicago, 111 

A large senes of kidne> s has been studied for lesions attnbuted by other investi- 
gators to hj-poprotememia Vanous changes, includmg extensive fibrosis of the 
kidncN , have been observed m the control animals as well as m those undergomg 
plasmapheresis There was no correlation between the duration of the hj^io- 
protememia and the degree of renal pathologj' The observed lesions are mdis- 
tmgmshable from “spontaneous” nephnbs of dogs No resemblance exists 
betw een renal lesions in dogs and those of so-called nephrosis m man It mav be 
concluded that the renal lesions of plasmapheresis have nothing to do w'lth neph- 
rotic contracted kidnei s in man 

Experimcnlal Chronic Renal Insufficiency in Dogs, with Special Reference to Arterial 
Hypertension B} Carl W Apfelbach, M D , and Clyde Reynolds 
Jensen, M D , (bv mvitabon), Chicago, 111 

In recent years, there has been an mcreasing tendencj’’ to mterpret the chnical 
manifestations of Bnght’s disease as part of a general disease of the body, m 
contrast to the conception formerly held by manv, that the alterations in the bod\ 
were solel> due to the changes in the kidneys 

It was deemed worth w'hile, therefore, to develop expenmentaUy a form of renal 
insuffiaenci' that would be dependent entirely on changes in the kidneys To 
accomphsh this result, a method was chosen that would mjure the glomeruli of 
kidneys, inasmuch as the severe forms of Bnght’s disease of human beings are 
presumabh mitiated m the glomeruh 

Particles of charcoal, ground and sieved so as to obtam pieces large enough to 
occlude the glomerular tufts, w ere injected mto the renal artenes of dogs By this 
procedure, reduction in kidney tissue w'as induced without mjurmg other tissues in 
the body' It was concluded that the clmical alterations which resulted in the 
expenmental animals revealed the changes that might be expected in human bemgs 
as a result of reduction in the quantitx of renal tissue It was further concluded 
that the apphcation of this syndrome would indicate, m humans, the r61e played 
by the kldne^•s in producing the s\’mptoms found in patients suffenng from some of 
the signs of Bnght’s disease 

There were secured from mnety expenmental animals several that lived from 
sex eral w eeks to o\ er one y ear A definite group of alterations w ere observed and 
these were 

Decrease m the abihtx of the kidney s to concentrate and dilute unne 

Nitrogen retention m the blood stream 

PoUmna 

Decrease in bod\ weight 

Decrease in the carbon dioxide combming power of the blood 
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Edema and artenal hypertension did not occur 

Severe anemia, hke that observed in subacute and chronic glomerular nephntis, 
ms not observed 

It IS concluded, that death cannot be ascribed to renal insuffidenc} , unless this 
syndrome occurs 

Further Obserraitom on Ciitnahc vnih Particular Reference to Seasonal 

Alterations tn the Human Conception Curve By C A Mills, MJD , Cm- 
annati, Ohio 

There be given a brief review of the previous findings regarding the relation 
ship of dimate to such diseases as diabetes mcUitus, pemiaous anemia, cxophthal 
mic goiter, Addison's disease and angina pectons The low mortality from these 
diseases in the tropics, sub-tropics and orient will be stressed, as well as their high, 
and mcreasing mortality rate in the cooler temperate regions 

Since these findings seemed to point to the endocrine system as being most 
susceptible to climatic influences, it was deemed advisable to see if the sex glands 
exhibited like effects of climatic stimulation or depression Monthly birth statis- 
tics were collected from vanous units of population, the months equalized to a 31- 
day basis, and the births of each month transposed back to the time of conception 
The graphs to be shown are thus the ^‘conc^tions resulting in live births," with 
the mean of each month for several years plotted to show the yearly seasonal 
vonatioas 

The data thus presented leaves no doubt that at least one important climatic 
factor, temperature, exerts a marked effect on human fertility The conception 
rate is highest when the monthly mean temperature is around 60®F , while above 
70®F and below 50®F there occurs a progressive depression m fcrtUiti Evidence 
is not yet at hand to determine which sex is responsible for these effects, or whether 
both are equally so Proper control data are presented to rule out certain other 
possible factors, such as frequency of intercourse, variations m the marriage 
rate, etc. 

Further Observations on the Effect of Vtoslerol on Platelets By Lawrence D 
Thoupon, M D , and Lillian Hadsell (by invitation), St Louis, Mo 

The mcrease of platelets following exposure to sunhght has been noted for some 
time, Philhps and Robertson demonstrated that oral administration of viosterol 
causes a rise in platelet count in the rat Recently, announcement was made that 
the admmistration of viosterol to normal individuals was followed by a similar nse 
in platelet count It was also stated that the platelet coimt could be markedly 
mcreased m vanous hcmonhagic diseases and that the increase' was accompanied 
bv decrease in bleeding and coagulation time but without alteration in the svmpto- 
matology or course of the disease. The study has been continued, the series of 
cases has been augmented In addition, two other blood dyscrasias have been, 
included 
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A JVcd’ Method of Interpreting Acid-Base Data A Baird Hastings, M D , 
Chicago, 111 

B^ the use of triaxial coordinates an acid-base chart has been devised which 
permits the evaluation of the aad-base condition of an indiindual vhen the pH 
and CO 2 of the blood is known • Such a chart separates disturbances of the acid- 
base balance which ha\ e their ongm in a disturbance of respiratory function 
from those v hich have their ongm in disturbances of excretory function 

The distance i\hich a pomt on such a chart lies from the normal point of refer- 
ence and the angle which the hne coimecting these two points makes with the line 
of reference can be mterpreted as mdicating the magnitude of and the quahtative 
nature of the observed disturbance in the acid-base balance 

Chemical Changes vi Blood Plasma and Cells in Intestinal Obstruction, with Special 
Reference to the Distribution of Phosphorus Bv George Martin Guest, 
hi D , and WnxiAii De Witt Andrus, M D , Cmcmnati, Ohio 
The changes which occur m the blood plasma during high intestmal obstruction 
have been well defined, the loss of Cl, and lesser loss of Na, with mcrease of HCO 3 , 
bemg the most noteworthy of the changes Little attention has been paid to the 
cells, how ever, and of the blood P only the inorganic fraction has been considered in 
relation to changes in the aad-base equihbnum 

In this study the distribution of blood P was measured as the (1) inorgaiuc, (2) 
orgaiuc acid-soluble, (3) hpm, and (4) total P of oxalated whole blood and plasma 
Parallel measurements were made of the erj'thjocjde count, relative cell volume, 
hemoglobm, total protem, NPN, sugar total base, Na, K, Cl, and CO 2 By means 
of the relative cell volume, values for the mtraceUular chemical constituents vere 
calodated and changes m the cell electrolytes were demonstrated which are 
comparable but not alwaj’S equivalent to those noted m the plasma electrolytes 
In experimental high mtestmal obstruebon m dogs the total P was increased in 
both cells and plasma In a tiqiical experiment the total P of the cells increased 
from 72 mgm per cent to 93 mgm per cent This increase v as mainly of the acid- 
soluble orgamc P withm the cells and, to a less extent, the inorganic P of both cells 
and plasma It seems hkelj that this orgamc P fracbon may be acbvelv con- 
cerned in the aad-base equihbnum of the cells 

Bactcnologic Studies in Thrombo-angntis Obliterans By B T Horton, M D , 
and 4 H E Dorset, M S , (bx imntabon), Rochester, hlum 
The vork \shich x\e are repiorbng was started in Nox'ember, 1927, and has con- 
bnued for a penod of two and one-half x ears Acutely inflamed vems and artenes 
were obtamed from biopsies or amputabons in thirtj -four cases of thrombo-angiitis 
obhterans Gram-posibx e pleomorphic streptococa xvere obtained in pure culture 
from mne cases and green produang streptococci from tixo cases Negabve 
cultures xxere obtamed from artenes and xeins from txxentx-four normal subjects 
Vanous methods of inoculating these organisms mto 165 rabbits and three dogs 
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have been used, and pathologic lesions have been produced in a small number of 
rabbits, which from the gross and microscopic appearance are identical to those 
which we accept as that of thrombo-ongiitis obhterons This stud > , though incom 
pletc, suggests that thrombo-angiltis obbterans is on infectious disease, and that 
these organisms ma> be of etiologic significance 

Some Qimcal ObsemUions on the Use oJTiteobromtne tn Peripheral Vascular Disease 
Bv George W Scuphau, M D Chicago, HI 
The success attending the use of purin base denvatives in angina pectons sug 
gested Its tnal m peripheral vascular disease. 

Cntena for observation were subjective response, appearance, and measurement 
of the temperature of the affected extremities under standard conditions bv means 
of a thermoelectnc couple 

Observations shown are on typical cases of Buerger’s disease, artenosclerosis 
with intermittent claudication or tissue impairment, Raynaud’s disease, acrocyano- 
sis, hypertension and normals 

A case of arteriosclerosis with local ischemia observed for more than a vear 
shoTN ed definite objective and subjective improvement dunng penods of medication 
with a fall in the temperature curves when theobromme was discontinued In 
Buerger’s disease good results were obtained in the earlier stages, ^one in the 
advanced case There was no demonstrable improvement In Raynaud’s, or in 
acrocyanosis Normals showed little effect 

Results seemed to show that theobromine was effective in organic disease of the 
larger artenes when the sj'mptoms and nutntional changes are best explained on 
the basis of angiospasm 

Lead Encephalitis Bv Robert A Kehoe, AI D , (by invitation) and C A 
Muxs, MX) , Cincinnati, Ohio 

Experimental and clinical evidence Is presented to indicate that the cerebral 
manifestations of lead poisoning are due to the localixation of lead in the brain 
tissue, rather than in the meninges, or in the blood circulating through the brain 
It is further shown that lead forms a stable and insoluble comjwund in the brain 
under the customary conditions of phv’siologiail activity This suggests that 
such lead as is brought to the brain through the anrulabon is quantitatively bound 
Certam tentative conclusions as to theconditlons under which saturninecncephal 
opathy develops, and certain suggestions ns to the treatment of lead poisoning in 
such a mann er os to Spare the nervous tissues, arise from these considerations 

The Relalionship Between Oxygen Consumption and Nitrogen llciaholism m Perm 
aous Anemia and Leukemia By C W Baldridge, M D , and A P Barer, 
Ph D , (by mvitation), Iowa Citv , Iowa 
In pemiaous anemia and m leukemia a definite relationship between oxj'gen 
consumption and mtrogen metabolism has been demonstrated During penods of 
rapid cell destruction cspeaolly if there be a negative nitrogen balance (relapse m 



166 


PROCEEDINGS OF THIRD ANNUAL MEETING 


permaous anemia or soon after roentgen rav treatment m leukemia) the oxj^gen 
consumption is increased The consumption of ox^'■gen decreases nhde nitrogen 
IS being stored m spite of the fact that j'oung cells are being formed rapidlj' (e g , 
dunng remissions in pernicious anemia or several da\ s after roentgen ray treatment 
in leukerma) The total ov) gen consumption would probably be more mcreased 
after roentgen rav treatment v ere it not for the loss in the urme of mcompletely 
metabolized protem 

Observations on Some Conditions Causing R-T Deviations Characteristic of Coronary 
Occlusion By Louis N Katz, M D , Chicago, and A W Wallace, M D , 
(bj’’ invitaDon), Cleveland, Ohio 

Recent observations by Scott, Katz and Fed have shovm that pencardial effu- 
sions will lead to R-T deviations charactensDc of coronary occlusion Animal 
experiments have shown that hgation of a coronary artery will not lead to such 
R-T changes untd cardiac incompetence sets in (Fed, Katz, Moore and Scott ) 
Three cases are presented m this report to illustrate the r61e cardiac incompetence 
plaj s m producing the characteristic R-T deformities One case shows the effect 
of cardiac incompetence superimposed on an acute coronary thrombosis The 
second shows the effect of cardiac incompetence in the presence of coronary 
sclerosis but with no thrombosis present The third shows the effect of acute 
mvocardial incompetence added to a slight pencardial effusion In all three cases 
tj^ncal R-T deviations are present In each the cardiac incompetence was the 
pnmarx and major cause for these electrocardiographic changes 

Interpretation of the Initial Deflections of the Ventricular Complexes of the Electro- 
cardiogram Bj A G AIacleod, M D , Paul S Barker, M D , and F N 
WiLSOV, M D , Ann Arbor, ALch 

Ob\uousl} , the electrocardiogram recorded m the three standard leads must be 
the resultant of manj oppiosed, or partially opjwsed, potential differences which 
occur m the heart dunng the inscnption of the QRS complex It must, therefore, 
be that onl\ those forces which are unopposed, or only partial!}^ opposed, can pro- 
duce measurable potential differences at the surface of the body By applying 
these theoretical conceptions to a detailed anatomical study of the camne and 
human heart it is possible to show that the results of Barker, Macleod and Alex- 
ander, who believe that what is, at present, called nght bundle branch block, is in 
reahtx left, and \nce versa, are the ones to be expected It is also possible to 
reinterpret the obsen ations of Lewis so as to show that the above authors’ views 
are in conflict onlj with Lewis’ interpretation of his data, and not with the data 
itself Rational explanations of bundle branch block curves and preponderance 
cun es can be made on this basis 

T! e Treatment of Patients anth Addison’s Disease with the Extract of the Suprarenal 
Cortex Prepared b} Swingle and Pfiffner Bj Leokard G Rowntree, M D , 
and Carl H Greeve, M D , Rochester, Mum 
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An extensive expenencc in the use of the so-called Muirhead regimen in the 
treatment of patients ^'ith Addison’s disease has convinced us of the futility of 
ordinan therapeutic measures in combating the crises of acute adrenal insuffi 
aenc> , and also of the great need for a more active cortical preparation which 
could be administered either h^'pode^mlcallJ or subcutaneously In March, 1930, 
Swingle and Pfiffner annoimccd the preparation of an aqueous extract of the supra 
renal cortex which would maintain the life of bOateiallv adrenalectomked cats 
indefinitely, and later they reported that by the administration of this extract thev 
were able not onl> to revive comatose animals, prostrate and on the v'erge of death 
from adrenal lnsuffiaenc\ , but also to restore them to a normal condition and to 
keep them in perfect health The importance of such an announcement and the 
interest aroused b^ the possibllit) of using this extract in clinical medicme is 
obvious 

The preparation which ViC are using now is almost free from eplnephnne, is 
smtablc for mtravenous administration and b almost nonimtating locally We 
have used thb In the treatment of six patients with Addison’s disease. The results 
in these cases convince us of the efficacy of thb cortical hormone The disappear 
ance of anorexia, mcrease of appetite, the gam in weight and the definite cuphorb 
were striking m all cases As long as the prcparatXon could be admlnbtered, the 
results were all that could be desired Our supply of the preparation has been 
extremely meager and intcnnlttcnt, so that we have not been able to observe the 
results of consistent dosage and contmued administration, but the immediate 
results In a erbb are excellent The disease, however, is chrome, and it will be 
neces5ar> for several years to cbpse before a final appraisal can be made of the 
value of thb cortical hormone in Addison’s disease. 

The Intravenous AdrmnislraHon of Barxum Chloride tn Eumaus B> J H Foul 
OER, M J) , (by mvitation), and Johnson McGtriRz, M D , Cincinnati, Ohio 
Considerable interest has been aroused bv the work of Cohn and Levine on the 
use of banum chloride m cases of heart block with Stokes-Adams attacks Several 
papers on the subject have appeared subsequently, but the results have been vari 
able and the drug has hitherto been given exdusively per os The slowness of 
its absorption and perhaps m some cases the almost complete or complete lack 
of absorption might account for its failure The desirability of securmg thera 
pcutic effects promptl> m Stokes Adams syndrome b apparent Therefore, It 
seemed of interest to stud> the effect of intravenous adminbtration of the drug, 
usmg, of course, a much lower dosage than that advised orally 

The characteristic effect on the human and animal heart were studied electro- 
cardiographically, and these findings are desenbed 

A Study of Five Hundred Diahetic Patients B> Elmer L Sevrinohaus, M D , 
Madison, Wis 

These patients, seen m the eight j ears since insulm has been avaUable, have had 
insulm onl\ when necessary to control the glycosuria, (or to mamtain blood sugar 
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le\ els more nearh normal in a levs younger indi\a duals) Diets have been planned 
accordmg to Woodj att’s rule, F = 2C + 0 5P The maintenance standard has 
been at the accepted normal iveight for the patient, and with no limitation on 
occupation Under such conditions 57 per cent required msuhn at discharge from 
the hospital 

Ketosis was obsen'ed m the first unne examined m the hospital in 58 per cent of 
the patients Insulm was required at discharge by | of this group Of the 42 per 
cent ivithout ketosis, onlv i required msuhn In no case of this latter group was 
the msuhn large Therefore, the occurrence of ketosis mth glycosuna at the time 
of the first exammation may be accepted as a prognostic indication that msuhn 
will be needed, although later improvement may render its contmuance unneces- 
sar\ This information saves time in planmng treatment 

Of the 500 cases 90 are known to have died Causes, which are determmed m 
75 of these, mclude, m order of importance sepsis, cardiovascular-renal disease, 
coma, and carcmoma Septic processes mclude, m the foUoMmg order pneu- 
monia, gangrene, tuberculosis, gas bacillus infection after amputation, and a mis- 
cellaneous group In ten of the cases neglect on the part of the patient or parent 
after instruction and discharge from the hospital is directly responsible for death 
No uncomplicated case of coma has been lost m the hospital 

In the entire senes, routine histones reveal reduced or absent patellar reflexes 
m 45 per cent. Pams m the extremities (neunbs?) are recorded m 34 per cent 
These pains mclude cases m which vascular conditions are probably pnmanly at 
fault There are 37 per cent of these cases with visual disturbances, excluding 
cataracts and refraction errors acqmred before diabetes This visual error is often 
relieved bi the diabetic therapy itself In any case, lens fittmg should not be 
undertaken within less than one month after the patient is sugar free 


A Sludy of Blood Phosphate and Blood Glucose Curves After the Oral Adnnmstraiion 
of 100 Grams of Glucose By Henrv J John, M D , and D Roy McCui.- 
iAGH, Ph D , (b}' imitation), Cleveland, Ohio 
The curv'e of phosphate and glucose after the adrmmstration of 100 grams of 
glucose oralh to sixtx'- patients has been studied The statement that they are 
related is confirmed, but we find that the so-called tipical diabetic PO 4 curve is not 
alwais in itself diagnosticaUi rehable If we depend upon phosphate curv'es 
alone for diagnosis an error of 19 to 67 per cent is meurred, depending upon the 
condition of the group under consideration In h\T)erth\TOidism the errors are 
from 40 to 67 per cent 

The excretion of phosphates bears no relation to the unne output so that we can 
consider that the phosphate excretion is not a pure mechanical washing out of 
phosphate, depending on the mcrease of unne excretion, but a function of a 
metabolic process, totalh independent of the amount of unne excreted In 
diabetics the phosphate excretion is markedlj increased 
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Diabetes ilellilus Associated with Addison's Disease {Report of Two Cases ) B\ 
Frank N Allan, IIJ) , Rochester, iUnn 
There has been much speculation regarding the relationship of vanous endocrine 
glands to diabetes, and the rble of the adrenals has receii ed espeaal consideration 
The theon that diabetes might be due to eicessis'e activits of the adrenais ivas 
formerh stronglj supported Recent mvestigations showing that contmuous 
administiiation of epmephrme mat cause suppression of oridation of glucose ha\"C 
revived this idea 

Two cases of diabetes associated with Addison’s disease are reported This 
combination represents a rare ctimcal picture It also suggests various problems 
of theoretical interest 

Jerusalem Artichokes and Liter in the Treatment of Diabetes itdhtus By SAiml L 
SosKiN, MT) , and H. F BraswANOER, M D , (by invitation), and SOLOUOS 
Steouse, M D , Chicago, HL 

The experimental use of Jerusalem artichokes and of liver m the treatment of 
diabetes mellitus is reported. No evddence was obtamed that these luhstsnrrs 
ate of any therapeutic value in this condition Each patient was h05pilalt*'’il 
throughout the experiment, and judgment was chiefly based on daib urinan suitnl 
and mtrogen excretion over adequate periods rather than on temporan uhanges 
in blood chemical values or alterations in respiraton exchange Adcqunleconlrul 
periods on orthodox diets, with or without insulin, were instituted in all rasrs, tile 
artichokes orhver being then substituted In the diet so ns to leai'C the caloric liilakr 
and the distnbution of calories between protem, fat and carbohydrate unchnilgetl 
The results of other workers are discussed in the light of the aoii here pnucnteil 

Quantitative Relationships Between Dosageand Therapeutic Respense In 100 J'llllriili 
with Remiaous Anemia Treated with Liver Extract of Desiccated hloiliiirli 
By Cyeus C Sturgis, M D , and Rakiael Isaacs, JIB , Ann Arlmr, Allrli, 

The rate of response to therapy was observed in W patients with /HTnli liiiia 
anemia treated with liver extract and 50 siraliar patients Ircaled wllli ilcslroilnl 
stomach The average maximum reticulocyte percentage reached In tlic (iiriili'i 
group was 22 per cent (calculated 23 43 percent) snd in the latter puMlji ?? 0) 
per cent (calculated 22.58 per cent) The maxunum retiadotjie i>errcntngo v ar 
reached in 6 9 dal's bv the Uver treated group and in 7M dtps by the nloinm (, 
treated patients This is attnbuted to the shm shsorptiaa of the mm solubl- 
desiccated stomach A suboptimal dose, infection, pstii' retention, or hired 
transfusion decreases the observed maxhnum letfcaiocrtf fercentat r la Urr Jc 
calculated height A massive dose decreases lie blent period and liirrtim 
height of the reticulocyte rise Withinhmils.theUgTthed'is^, tli« tlur'e' 
time required for the red blood cell count to reach nomai 

Chronic Ulcerative Cohlis {Further Studies) By3IL tt SiXEiam.!' 

invitation), and C S Willluisov, JfJ)., CSiap EL ; 
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Until recentl\ , all reports on the subject of ulcerative colitis were discouraging 
For many j ears it has been the opmion of most gastroenterologists that the treat- 
ment of colitis was mainly that of the specific forms of ulcerative cohtis and that the 
diagnosis of the nonspecific ulcerative colitis was based on the existence of colon 
ulcers with negative bactenologic observations 

Method of procedure In the past three years we have earned on a careful survey 
of all cases of diarrhea observed m our gastro-mtestmal dime, first, to confirm or 
refute the observations of Bargen and, secondly, to detemune the specifiaty and 
therapeutic value of autogenous vaceme The patients were properly prepared a 
day before and routme proctoscopic examinations were made in each patient 
Cultures were then obtamed through the proctoscope by means of a stenle swab 
and transferred at once to a proper medium for mcubation and subsequent culture 
and subculture The mdividual strains of bactena were then isolated from the 
cultures and a poljwalent vaceme was prepared The autogenous vaceme was 
then admimstered hypodermically to the patients in progressively increasmg 
dosages in accordance with the seventy of the infection 

Results Bneflj' summarized, the results dearly demonstrate that most remark- 

able improvement w as noted in about 80 per cent of the cases observed 

Our results show that m most cases of ulcerative cobtis green-produemg gram- 
positive diplococa are found predommating Frequently these are m assoaation 
with other bactenal flora 

In addition to the green-produemg gram-positive diplococa and hemolytic 
streptococa, we foimd other bactena in ulcerative colitis such as diphtheroid 
bacilh. Staphylococcus albus and aureus, Staphylococcus albus-hemolyticus, 
Baallus pj ocyaneus, B lactis-aerogenes and B coli 

Treatment The method of approach m general was three-fold, namely, prophy- 
lactic, dietar> and speafic In reference to diet, one is impressed considerabl}' 
with the encouraging results obtamed wnth an essentially high calory, high vitamm 
and low residue diet This specific treatment consists of injections of polyvalent 
autogenous i^ccme hjqiodermicalh 

Conclusions (a) The green-produang gram-positive diplostreptococcus is not 
the sole etiologic factor of chronic ulcerative colitis 

(b) A pohwalent autogenous vacane given hj^iodermically is of considerable 
therapeutic \'alue 

(c) The green-produang gram-jxisitive diplococa are all inulm negative and the 
majonU are mannite negative 

Response of Secondary Anemia to Fetal Liver Bj Charles H Watkins, M D , 
and Herbert Z Gifitn, 2^1 D , Rochester, Minn 
In an article on the treatment of secondan anemia bj Herbert Z Giffin and 
Charles H atkins read before the Section on Pharmacology and Therapeutics at 
the Annual Session of the American ^ledical Assoaation, Detroit, June 26, 1930, 
a re\Tew of the clinical results following the admmistration of desiccated fetal bver 
n the treatment of 120 cases of chronic secondaiy anemia was presented The 
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paper submitted for presentation before the Central Society for Clinical Research 
IS an elaboration of these data and an evaluation of the results m various types of 
secondary anemia as classified both from the clinical and morphologic standpoint 

Scalenwtomy tn the Surgical Treatment of Pulmonary Tuberculosis B> Joseph W 
Gale, hi D , (by invitation) and Wu S Middleton, M JD , Madison, \Vis 
Surgical measures for the treatment of pulmonary tuberculosis involve two 
fundamental principles, namely physiologic rest and compression of the involved 
lung The first of these indications has been met In phremcotomy and intercostal 
neurectomy, which bnng about paralysis of two of the most important groups of 
respirator} muscles The scalene group alone of the important muscles of respira 
tion has escaped surgical attention 

The sound clinical and experimental observations of Hoover established the 
respirator} function of the scalenn By fixing the first rib they permit of an advan 
tageous action of the upper three intercostal groups on their attached ribs with 
ccphalad movement of the same Paralysis ot the scalenl is attended by a caudsd 
movement of the upper three ribs on inspiratory activation of the intercostal 
muscles 

Because of the intercostal ovcractivity attendant upon phrenic parol} sis the 
concurrent division of the scaleni was suggested to induce apical rest The 
anatomic relationships render the combined operation of phrenic block and 
scalenlotomv quite ea^ The operation has been completed in a small senes of 
cases, both alone and in combination with phrenic block, without increased reaction 
or disability and with gratifying results The indications are discussed 

Analysts of One Bundred and Ftve EJecirocardtcgrams Showing Changes Associated 
with Coronary Thrombosis By Walter S Priest, ALD , (by invitation), 
and W W Hamburger, MJ) , Chicago, 111 
Those changes commonly considered indicative of coronary thrombosis are 
tabulated according to the lead or combination of leads in which they occur They 
arc inversion of T, positive S-T interval, high take-off of T, deep Q, distortion of 
the isoelectnc line In addition slurring and notching of QRS, occurrence of 
positive S-T without inversion of T, axis deviation, changes m axis deviation durmg 
a senes of records, low amplitude of QRS deflection, and abnormalities of the P 
wave noted The relation of these changes to the clinical findings is then anal> zed 
For this purpose the patients are grouped dmically into five classes 

(1) Those with undoubted signs of coronaiv thrombosis, (2) those with angmol 
attacks but without classical signs of thrombosis, (3) those without history of pain 
but with other cardiac symptoms, (4) those without pam or other cardiac symp- 
toms, and (5) those without cardiac symptoms but with upper abdommal lesions 
Patients with upper abdominal lesions and cardiac symptoms, and patients with 
8\'philis are considered under groups 1 to 4 as indicated Autopsy findmgs are 
included when available 

Onl} 39 per cent fell m group 1, 331 per cent fell in group 2, 9 5 per cent in group 
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3, 16 per cent in group 4, and 1 9 per cent in group 5 Approximateh 10 per cent 
of those in group 1 had assoaated upper abdominal lesions 5 7 per cent of those 
in group 2 had assoaated upper abdominal lesions One patient m group 2 and 
one in group 4 had sj^phihs 

The Effect of Liigol's Soluhon on the Elcvalcd Basal Melahohsm in Conditions Other 
than Exophthalmic Goiter By Harry B Friedgood, M D , (bj-^ miutation) 
(Introduced bv Cyrus C Sturgis, M D ), Ann Arbor, hlich 
The effect of Lugol’s solution in exophthalmic goiter suggested a similar mvesti- 
gation in other diseases characterized b)^ an elevated oxj’^gen consumption, notably, 
leukemia, polj'cythemia vera and acromegaly 

S 3 ’mptomatic improvement occurred m aU of the eight patients with chronic 
hrnphatic leukemia and three of four pktients vrth chronic myeloid leukemia 
Aleukemic leukemia (3) and the acute leukemias (2) did not respond similarly 
Basal metabolism and pulse rates were significantly decreased m three fourths 
of the patients (ambulator}') with chrome lymphatic leukemia, and m one of four 
patients vrth chronic mj'eloid leukemia Pol}'C3'themia vera (1) and acromegalj 
(1) also exhibited favorable decreases Imtial basal rates recurred under con- 
tinued treatment as m exophthalmic goiter, but sometimes the depressed pulse 
rate lagged behind the mcreasmg metabohsm Acute exacerbations, severe 
anemia and previous roentgen therapy inhibited the usual decreases Following 
treatment, the leukoc} tes in chrome lymphatic leukemia appeared temporanlj 
depressed, but no relation existed between rate of metabolism and leukoev te 
counts E} e signs of exophthalmic goiter occurred in some of the patients mth 
chrome leukemia 

The simdanti of response to lodme suggests a non-thjurogenous disturbance, 
responsible for the elevated basal metabohsm, and common to exophthalmic goiter, 
chronic h-mphatic and myeloid leukemia, acromegalj' and polj'Cj themia vera 

Studies in the CirculatioiL Injection Method Preliminary Report on Clinical Cases 
B\ J hlURRAX Rdtsman, hi D , John Wairer Moore, hi D , and W F 
Hamilton, hi D , (bj inxutation), Louisville, Ky 
Our method for determining the output of the heart, circulation time and the 
amount of blood m the heart and lungs and the total blood volume has been applied 
to certain cases of hj-perthjToidism, pemiaous anemia and heart disease, both 
dunng and after recox erx from the acute manifestations 

Obserratwns on the Clinical Course and Effects of Treatment in 112 Cases of Portal 
Cirrhosis mth Ascites Bx C B Chapman, hi D , (bx mvitation), L G 
Rowntree, M D , and A hi Snell, hi D , Rochester, himn 
The senous prognostic significance of the development of ascites in patients xvith 
portal arrhosis is shown bx the fact that 52 per cent of this group of patients were 
dead xnthin sixteen months after the asates appeared It would seem that the 
appearance of asates max be regarded as exadence of failing compensation in the 
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portal cixculatjon and that ascites has somewhat the same significance in portal 
drrhosis that it has in cardiac disease Treatment with diuretics is ordinarily 
effect!! e in the control of ascites carH m the course of the disease, but It becomes 
less so as time progresses There is no type of treatment which seems to be 
effecti! e in the control of the hepatic lesion itself 

l\’on Specific Protein Therapy in Duodenal Ulcer By Leon Schtfe, M D , and 
R J Norris, ILD , (b> mvitation), Cmcinnati, Ohio 

The effect of mtramuscular injections of Aolan (punfied milk protem) m 27 
cases of duodenal ulcer are reported. 

Of these cases, 20 were ambulatoo and 7 hospitalized Those hospitalized 
were with one exception (case with hematemesis) not confined to bed and given a 
general diet No medication was prescribed 

Marked improvement or practically complete symptomatic relief occurred in 
18 or 66 7 per cent, and less marked though definite Improvement in S or 18 5 per 
cent, making a total of 85.2 per cent den vmg benefit 

Improvement was relatively more frequent m the colored than in the white 
mdividuals. 

Improvement seemed to occur more frequently in those with normal acidity 
than in those with hyperchlorhj dna 

A second course of Injections in some instances of relapse was equallv as effective 
as the first 

Striking gam m weight was at times noted 

Improvement seemed to occur less frequently in the presence of lues 

No change in the degree of aadity or volume of gastric juice was noted, usmg the 
method of Bloomfield and Keefer 

Patients with symptoms of less than a year’s duration obtained complete rebef 

The Influence of Ethyl Alcohol Upon the Gaztnc Absorption of Phenol in Rabbits 
B> F Lowell Donn, M D , and Anne M Perley, (by invitation), Omaha, 
Neb 

The value of alcohol lavage m phenol poisomng has been repeatedly questioned 
The development of blood phenol methods permits a study of the rate of absorption 
of phenol with and without the addition of alcohol These studies were made on 
rabbits The free blood phenol showed a somewhat mote rapid rise m a group of 
rabbits receivmg phenol and alcohol thrm m a group receiving phenol alone, but the 
final levels were essentially the same The conjugated phenols showed onlj a ver> 
slight rise 

Electrocardiographic Changes Produced by Experimental Occlusion of Coronary 
Vessels in the Dog Bv A R. Barnes, M J) , Rochester, Mum 

Experiments re mvestlgatmg the electrocardiographic changes resulting from 
occlusion produced bj ligation of various branches of the coronary artenes m dogs 
hate been earned out. Contran to the previous mvestigatlons it appears that 
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ligation of a branch of the nght coronar\ arten producing infarction in the nght 
ventncle produces electrocardiographic changes which are charactensticall\ dif- 
ferent from those obtamed when a branch of the left coronarv arten is ligated 
Infarction produced m the posterior basal portion of the left ventncle m dogs 
does not produce electrocardiographic changes similar to those obtamed following 
infarction in a like region in the human heart Except for that difference it seems 
possible to correlate the results to date with electrocardiographic changes in man 
following acute coronan’’ occlusion as descnbed b\ Barnes and Whitten It should 
be noted that the operative procedure and mcision of the pencardium involving a 
possible change in the axis of the heart must be taken mto account m interpreting 
these results and this factor has not been completely evaluated as vet 

Parasystole — A Study in the Origin and Conduction of Ectopic Impulses of Supra- 
ventricular Origin Bv Julius Jensen, M D , (by mvitation), and Drew 
Lute\, M D , St Louis, Mo 

Cases of so-called nodal rhj’thm which show premature ventncular beats follow- 
ing P-w aves are rare We have studied six cases in detail Evidence is presented 
that these premature beats ongmate m ectopic foci and interfere wnth the dommant 
“nodal” rhythm These ventncular responses to more than one focus constitute 
parasi stole The conditions of parasystole with supraventncular pacemakers are 
studied consideration bemg given to rhythmicitj', rate and location of the foa, 
also to the block protecting the upper pacemaker and to the conditions under which 
this pacemaker acts on the ventncle The probability of more than one “nodal" 
pacemaker in certain instances is discussed 

The hjTiothesis of reaprocal beatmg is considered, but evidence against such an 
explanation of our cases is presented Most of the cases m the literature descnbed 
as reciprocal rhj thm fulfill the requirements of parasystole and the conception of 
reaprocal rh^ thm m an> case must still be held subjudice 

Carcinomatous Bone Metastases Without Roentgen Evidence {Special Reference to 
the Spinal Column) By E L Tuoh\, M D , Duluth, Minn 
There is a general assumption and much developmg proof that the more common 
caranomas metastasize at an early penod to certain important bony sites The 
clmical search for evadence of this disastrous bonj' invasion has called into use an 
eamesteffortto show the extent and degree of such mvasion through roentgen films 
In prosecutmg this search it has been clearly found that the roentgen changes are 
those produced b> so-called osteoblastic changes through extra calcium deposition, 
and the con\ erse, or osteoclastic changes madental to bonj replacement by soft 
tissue That the prostate cancer has the faculty of settmg up osteoblastic changes, 
and hence the creation of exaggerated calaum dejxisits within the bone, no one 
familiar wath the process will longer doubt 

Hypernephroma (more recently known as caronoma of the kidney) has the 
subtle faculty of inyadmg the bones, and to a yery notable degree those of the 
head Caronoma of the thvroid, as also carcinoma of the bronchus, not uncom- 
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monly invades the cramal cavit> as well as the cramal bones, practically all cancers, 
including the stomach and uterus ma^ metastasize into the vertebrae Hence, 
the vertebral column is recognized os a crucial zone in terms of metastases, prog 
nosis and operabilltv 

For the purpose of this report the actual spinal column and corresponding films 
ore shown In three cases, though the vertebrae were badJv seeded with metas 
tases (from prostate, stomach and cervix, re3pccti>'ely), the roentgen evidence is 
negative The sections will show that when the films were taken the process was 
far advanced 

Conchmoii Negative evidence of bony metastases (espeaall} m spine) docs not 
rule out marked invasion In the problem of cancer control some much more 
subtle evidence of local and sj'Btemlc mvasion must be sought than any method of 
visualization now possible. 

Surgical Opcraiiom and Assoaated Infections as Possible Eltologual Factors in the 
Development of Exophthalmic Gaiter and Byperthyroidism from Adenomatous 
Goiter By Wiluaix A Pldioier, MD , and Charles Mayo, 2nd, M D , 
(by Invitation), Rochester, Mum, 

From records of The Maj'o Clinic we collected thirty eight consecutive cases in 
which surgical operation on some part of the bod> other than the thyroid gland 
preceded partial thyroidectomy for exophthalmic goiter or for hyperthjToidism 
from adenomatous goiter Both operations were done in The Ma} o CUnla We 
were not particularl> Interested In the fact that the patients had been subjected to 
an operation previous to thyroidectom) except for the fact that the previous opera 
tion had caused a record of their condition to be made and that this retord could be 
compared with that of a later time when thc\ had demonstrated h>'perthyroidism 
We wished to leam if the records of the patients made during their first sta> in 
hospital contained evidence to Indicate that acute or chronic infectious processes 
or other factors associated with the first operation might ha\T been etiologicall> 
related to the development of exophthalmic goiter or h>’perthyroidism from adeno- 
matous goiter In those cases m which there was relationship in time betw een the 
development of the tone symptoms of goiter and the first operation, the element of 
mere coincidence can not be excluded Our mvestigation, however, tends to 
support the contention that infection may be an aggravating or prcapitatmg factor 
in the development of exophthalmic goiter or hyperthyroidism from adenomatous 
goiter, in certain cases 

Basal Meiaholisin and Spec^ Dynamic Action of Foodstuffs m Normal Pregnancy 
By F Eowell Dunn, M D , and Helen Wyandt, (b> invitation), Omaha, 
Neb 

The rc3pirator> gas exchange and urinarv nitrogen was determined at two weeks 
to monthly intervals during the course of two normal pregnancies, and the puer 
penum The basal metabolism data conform to the case of Sandiford and 
Wheeler The specific dynamic action for carbohj drate, protem, and fat was 
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detennined at the same intervals Essentiallj normal values were obtamed 
throughout although the d\-namic action of fat shovs a steady diminution in the 
tvo cases 

Xiilrtltoval Edana Auexis F Hartmann, M D , and Milton J Senn, MD, 
(b\ imutation), St Louis, I^Io 

The composition of the plasma in cases of nutritional edema has been studied 
from the standpoint of (1) total and fractional protem concentration, (2) colloidal 
osmotic pressure, and (3) total aad-base equilibnum A companson is made mth 
other tj^pes of edema as regards such findings, and the response to transfusions and 
high protein diet 

Sporadic Scplic Sore Throat Dm to Streptococcus Epidcmicus By I Phot, M D , 
Chicago, III 

Epidemtcits septic sore throat is a well established clinical entity due to the 
Streptococcus cptdcmtcus (Davis), and is spread through milk from the udder of a 
con mfected bj this organism In the isolation of this streptococcus certam 
charactensbes can be brought out b}' the use of blood agar ennehed by ascites 
fluid, which differentiates the streptococcus cpidemteus from other hemolytic strepto- 
cocci The use of this medium has led to the ready recogmtion of earners and of 
sporadic cases of septic sore throat Several such patients are reported, and in 
addition complications such as otitis media, mastoiditis, menmgitis adenitis, 
empj ema, septic arthntis are found m other patients to be due to this strepto- 
coccus, nhich was often also demonstrated in throat cultures These streptococa 
produce evotoxin which in skm tests with filtrates and neutralizing serums differs 
from the toxm of Streptococcus scarlaltiiac 

The Danger of Overdosage vnth Parathormone By Walter M Boothby, M D , 
Rochester, !Mmn 

Greenwald and Gross, in 1925, showed that the excretion of calaum m the unne 
was markedh increased following the administration of large doses of parathor- 
mone and sounded a n aming as to the possible danger of the use of too large doses 
in parathj roid insuffiaencj 

Since then the clmical use of parathormone has become qmte extensive and the 
doses that ha\ e been reported van" betw een 20 and 160 imits daily 

W e ha\ e studied one case m which the use of ISO units for four days was demon- 
strabh harmful Other patients studied have shown that in cases of chronic 
parathiTOid insuffiaencj uhere the use of parathormone must be continued for a 
long time and probabh indefinite!} the size of the dose should probably not exceed 
5 or lOumts daih 

The Action of Soap on the 4nttna! Orgamsnv B} Irvine H Page, JvI D , (by 
inxntation), and E V Allen, Rochester, ^Iinn 
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A detailed study was made of the effect of injection of soap on white rats, nhite 
mice, and rabbits It was found that soap mjectcd mtravenously or rntrapen 
toncally produced citremel} tone conditions and a variety of pathologic changes 
in the tissues Chemical anah’sis of the hvers and kidne>'3 showed that in general 
the total fat was decreased and the iodine number mcrcased Pharmacologic 
studies disclosed that the soap lowered blood pressure, stimulated respiration, 
produced cardiac irregulantiea and Increased the permeabilit) of the meninges to 
dje. The ph}'siologic significance of these experimental observations were con 
aidered 

Ekcirocardtographtc Studies on Changes tn the PosUton of the Beart M H 
Nathansov, hIJD , Mumcapolis, Minn 

It has been noted by several observers that the form of the electrocardiogram is 
altered on change in position of the body, as a result of a shift m the position of the 
heart. It has been suggested that the absence of such a change may be considered 
as evidence of adhesive pencarditls, a condition difficult to diagnose When an 
individual turns from the reclining position to one side and then the other, there 
is a rotation of the heart about two axes, (1) antero-posterior, and (2) bngitudinal 
The electrical effects of these two types of rotation are in the opposite directions 
and It IS theoreticallv possible that one may neutralize the other, thus affecting no 
change on the clectrocardiogranL 

A group of normal individuals and cardiacs in whom a fixed heart wasver> im 
probable was studied and a detailed analysis made of the electrocardiographic 
alterations on change of position and on different phases of respiration A change 
m the ompUtude of the QRS^usually in the first and third leads was practicallj con 
stant, but a variety of combinations of changes was noted The most frequent 
alteration was a change m the direction of right preponderance when the individual 
was turned on the left side, with a tendency to left preponderance on turning to the 
right The effect of such factors as habitus of the individual, size of heart and the 
presence of pleural adhesions was noted. Observations were also made on three 
cases of adherent pencardium 

Radical Inclusions of Giant Ceils B> Edwin T Hihsch, M D Chicago, 111 

Visceral and focal lesions resemblmg tuberculosis and containing giant cells with 
radial mdusions ore mentioned m fourteen reports now on record The nature of 
these inclusions is an enigma, and a wide variety of opinions have been expressed as 
regards their origm and the significance of the assoaated lesions ‘Msccral lesions 
of this kind m tissues obtained postmortem from the bodies of four patients and 
focal lesions m twentj other tissues removed surgicall\ arc the human tissues that 
furnish the basis of my report Ilie results of the chemical anal^'als of human 
tissues and those of experiments m animals suggest that the mdusions arc modified 
saturated fats 
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Experimental Production of Arteriosclerosis in the Aorta and Coronary Arlenes 
By Don C Sutton, jM D , and jM D Davis, MJD , (bv invitation), Chicago, 
BJ 

During the past year, in a group of some fifteen or sixteen dogs, the ramus 
descendens branch of the left coronai^' artery has been traumatized, the dog 
sutured and alloiv ed to bve For a period of 200 days or more these dogs have been 
on a high calaum mtake, with doses of parathormone In this group there have 
developed artenosderotic changes m the aorta, scar tissue around the ramus 
descendens branch and diffuse scar tissue m the myocardium Cardiac measure- 
ments have been made by x-ray and electrocardiographs have been taken at inter- 
vals dunng the course The final conclusions of all this work will be based on 
autopsy findmgs 

Albuminuria in Young Men By H S Diehl, M D , and C A McKinlay, M D , 
hlinneapohs, Minn 

The frequency of alburmnuna is noted in approximately 20,000 young men who 
entered the Umversitv of hlinnesota smee 1921 In part of the senes, different 
tests for albumin v\ ere used and are compared On the first exammahon, 5 24 per 
cent were found to have albumm, two-thirds of these later had negative reports 
Only 6 74 per cent had what seemed to be defimte evidence of kidney disease 
Under proper control, the group with albummuna was studied as to age, height- 
weight percentage, pulse rate, blood pressure, histones of certain past diseases and 
the condition of the nose and throat The changes noted, compared to a control 
group, y, ere a sbght reduction in average age and m mean height-weight percentage 
and a defimte mcrease m the mcidence of acute upper respiratory tract infections, 
of chrome nasal discharge and of abnormal tonsillar cdnditions 

Anncular Fibrillation as the Only Manifestation of Heart Disease By W M 
Fowtxr, M D , (by invitation), and Fred jSI Smith, M D , Iowa City, Iowa 

Ten patients are recorded, in whom the auncular fibrillation was the only 
evidence of cardiac disease The oldest was 34 years of age In one, the irregu- 
laritj was attributed to stimulation of external auditory canal, one to exertion, 
four to alcohol, one to carbon monoxide, one to ether anesthesia, and two were 
attendants in gasolme stations 

In seven, the auncular fibnllation was paroxj'smal, while in three, it had per- 
sisted from two weeks in two and one-half v'ears The smus rhj thm was restored 
in the latter three bv quimdine The patient with the auncular fibnllation of two 
and one-half v ears duration later came to necropsy and the heart was regarded 
normal 

ThcE^iciof Alkali Administration oiiGastric Acidity ByL C Gatewood,MD, 
Chicago, 111 

In a group of patients undergomg treatment for gastne and duodenal ulcer, an 
opportunitv arose to studv the effect of prolonged alkali admmistration on the 
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secretion of hydrochlonc acid The diet was maintained practically constant and 
the patient was given doses of alkali just sufficient to neutralize the free hvdro 
chlonc acicL The quantitj of alkali required, furnished, therefore, a measure of 
the amount of add secreted Curves are presented to show the vanations in alkali 
required In some instances there was a progressive increase m aadltj to such 
high levels that it was not safe to control the aaditj m this way In some the 
level of aadity remained unchanged over long periods of time In many the add 
secretion decreased progressivd) to low levels or disappeared for variable periods 
of time "While the latter change was frequently coinddent with the occurrence of 
alkalosis It has also occurred with no change in blood chlorides or COj combming 
power of blood 

Tuberculosis Among Nurses Bv Everett K Geer, M JD , Saint Paul, Minn 
From 1920 to 1928 fortv two of nme hundred and thirtj four nurses (4 5 per 
cent) at the Ancker Hospital m St Paul developed tuberculosis Because of this 
high Inadence an mvestigation was instituted 
Beginnmg m September, 1928 all new nurses entering training were given mtra 
dermal tuberculin tests along with their customarv phv'sical examination and chest 
X rays The new group in September 1928, showed that one third reacted posi 
tivelv to mtradermal tuberculin The rest of the tralnmg school xvzs then tested 
and oal> four of one hundred forty seven were found negative. 

Since then all nurses entering t raining have been tested and if negative re tested 
every six months This study has shown that m the past two v eors about 30 per 
cent of nurses entering the Ancker traming school are positive and that bv the end 
of their first year nearl> all are positive 

The Ancker Hospital has a tuberculosis department of two hundred and fifteen 
beds and nurses have dut> m this department before the end of their first j car 
Nurses in other training schools in St, Paul were tested and average 42 per cent 
reactors m their third year 

Of one hundred and twentj two nen nurses entering the Ancker training school 
m the past two > ears seven have developed tuberculous disease. Six of these were 
negative to 1 mgm, of old tubercuhn on entering training Three of the seven have 
developed pleurisy with effusion, two, parencbjinatous lung lesions, one, a basal 
lesion of the childhood type and one erythema induratum with tracheobronchial 
adenopathy 

It IS felt that b> carrying out more ngid contagious technique m the tuberculosis 
department and by routmely taking a single chest film of all persons admitted to 
the hospital on all services that the Incidence of tuberculous infection and disease 
among nurses can be materially reduced at Ancker Hospital and these procedures 
arc to be instituted 

It is recommended that especially in those commumties where the madence of 
tuberculous infection is low among j oung adults that in tuberculous sanatoria and 
tuberculous departments of general hospitals, contagious technique should be 
employed. It is also considered advisable to routinelv i raj the chest of all 
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admissions to general hospitals to eliminate m part the unrecognized consumptive 
menace 

The Ej^ect of Amyl Nitrite on Striated Muscle Spasms By C D Christie, hi D , 
Cleveland, Ohio 

Dunng the past j ear it has been found from extensive clmical tnals that amyl 
nitnte when inhaled m suffiaent dosage exerts a deaded effect on the acute myal- 
gias such as torUcolhs, lumbago, pleurodjmia, etc In some instances the pain and 
spasm are enDrel^ relieved, m others the effect, while benefiaal, is transient 
There are some instances m which chmcallv the condition Mould seem to be an 
acute m\ algia, but the inhalation of am 5 d mtnte gives no relief 

Attempts have been made m the laboratorv' to produce a condition analagous 
to acute m\ algias, m the muscles of animals, mthout success Attempts have also 
been made to counteract vanous Lmds of expenmentall}' mcreased muscle tone m 
animals, from the effect of caffem, nicotme, cardisol, veratum, msuhn, tetanus 
toxin, banum, guamdme, lactic aad, etc , wnthout success, when amyl mtnte 
V. as used in a dosage at all comparable with that used m the clmical apphcation of 
the drug 

Studies in Scrum Viscosity in Hypertension By Edstond F Folev, M D , (by 
inxatation), and C S H rtUAiisoN, MJ3 , Chicago, 111 
Blood pressure is essentiaUj the result of the force of the heart beat, the penph- 
eral resistance, and the viscositj of the circulatmg fluid It is commonly appre- 
aated that pathological conditions which mcrease the first two factors are fre- 
quentli assoaated with hj-pertension This is a study of the third factor or the 
\nscositj' in cases of the hj-pertension of nephritis 

In normal cases the nscosity as determmed by Ostwald’s method, temperature 
bemg controlled to ZTC Mas found to be from 1 794 to 2 07, average 1 86 In 
ten cases of severe nephntis, two of Mhich were m uremia, and all showmg marked 
eindences of renal decompensation, the maximum was I 464, the minimum 1 351, 
the axerage 1 390 The two cases m uremia Mere less than the average bemg 
1 365 and 1 351 This stud> would indicate that m nephntis hj'pertension is not 
due to mcreased nscositj of the serum 

4 Comparison of the Beat Lost by Vaporization of Water Determined by the Basal 
Insaisiblc Loss of Weight, with the Basal Heal Production of the Albino Rat 
B% Jaiees a Greene, hi D , and P R Luce, hi D , (bj invitation), Indian- 
apobs, Ind Introduced bj H W Gauchat, Canton, Ohio 
The gaseous metabohsm was detennmed bj a method similar to Prmce’s The 
insensible loss of weight Mas obtamed on a balance with a sensitivity of 0 5 mgra 
for a 300 gram load 

The basal heat production compared fax orabb xvith that observed b> others, 
and the percentage of heat lost bx xaponzation of water ranged betneen 20 63 and 
26 SO, vnth an axerage of 23 81 No difference Mas observed m the use of thin. 
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obese, and normal animals The resplrator> quotient was found to average 0 72, 
under standard conditions, and the insensible loss of T\eight was composed of 100 
per cent of water with this respiraton quotient Standard conditions were 
eighteen to tnent> four hours without food or water at temperatures from 25 to 

3rc 

A Study of Ui& Effect of Insulin on Gastne Moithty B) T E Heinz (bj invita 
bon), and W L Paxuer, MX) , Chicago, HI * 

It is well known that insulin frcquentlv produces an intense desire for food* 
Bulatao and Carlson have shown experimentally that it stimulates gastne hunger 
contracUons Hence it has been generally assumed that the hunger observed 
cbnically after adrmnlstration is due to increased gastne motilt> 

In our experiments this has been tested and Imnographic records of the gastne 
acUvity made. Defimte insulin reacbons were produced accompanied b^ a 
marked lowering of the blood sugar and frequcntl\ bj a marked mcrcase in the 
general desire for food 

The relationship between “hunger,” “desire for food” and “hunger contrac 
tions” is discussed. 

Intestinal Hypersenstimly as an Etiological Factor in Angtchtieuroiic Edma Bi 
Stanley E Dorst, M D , Cincinnati, Ohio 
Two pabents with histones of well established angio-neurobc edema have been 
studied with the hope of estnblishmg the existence of an allergic state Foods 
pollens, and the usual stock bacterial extracts were all empIo\ ed with negab\*e 
results Vanous possible foa were then mvesbgated, mcluding the teeth smuses 
nose, throat, and the entenc tract. All results were Insignificant except those 
obtamed usmg organisms recovered from the enteric tract Marked reacbons 
followed the Intradermal mjection of certain colonic strains Tj^pical attacks could 
be preapitated within a few mmutes by a moderatclv large dose of the anbgen 
The pabents were desensitized with these onbgens with the results that one has 
gone seven months without an attack and the other fourteen months without 
symptoms. 

Unusual Phagocytosis by Reticular Cells in a Patient Having a Gram Negalice 
Bacillus in the Blood BvFeaneJ Heck, MX) ,(b) in\atabon),aDd H Mil- 
ton CovNZK, MX) , Rochester, Minn 

The pabent, a male, farmer aged fort> five j ears, gave a histon of ten months 
of fever weakness, anemia, increased sense of warmth sweating, and headache, 
and had ecchymobc areas on face for two vears, with shght dj’spnea on exertion 
Examination showed a palpable spleen, skin ecchnnoscs enlarged liver, positive 
tourniquet test and valuing degrees of fc\Tr Leukoc>'te count from ear vaned 
between 35 000 and 78 000 In blood from finger and \Tin the cajunt \vtis newr 
abo\e (3 500 ) Morphologicallj there was unusual phagoc} be activit> b> rebcular 
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cells, ^^^tll inclusion of ■vshole polj-morplionuclear neutrophiles, neutrophile rem- 
nants or erj throc\ tes These reticular cells were seen only in blood from the 
ear and never m blood from the finger or vem Six out of eight blood cultures 
on prolonged culture, two weeks or more, shoved the presence of a hemophilic 
small Gram-negative baallus of the mfluenza group 


Trcahncnl of Septic Meuingitis by Inlra-carolid and Cislcriia Magna Injections 
By James ^ Evaxs, M D , LaCrosse, Wis 
Review of hterature and discussion of rationale of mtra-carotid and intra-cis- 
temal injections of pneumococcus anti-sera and pneumoqum-base for pneumo- 
coccus meningitis and anti-memngococcus serum for meningococcus menmgitis 
Tvo cases of pneumococcus merungibs rejiorted treated unsuccessfully by this 
method Report of a ver^' fulminating case of menmgococcus menmgitis treated 
unsuccessfully by this method 


Lactic 4cirf 111 Human Slooh B3' J W Pittman, (bj' invitation), and W H 
Olmsted, M D , St Louis, Mo 

The products of the action of B coh on glucose in culture media are lactic, 
acetic and fonmc aads, alcohol, carbon dioxide and hydrogen In previous work, 
the amounts of acetic aad found m stools under vanous conditions were deter- 
mined and from this data the amounts of carbohydrate metabohzed by bacteria 
a ere calculated Since there are two molecules of lactic aad formed for one of 
acetic a corollary' of our work would be the detemunation of the amounts of lactic 
aad found in stools 

Method The stools were mixed with a solution of 30 per cent mercuric sul- 
phate dissolved in 10 per cent sulphunc aad The mercury vas preapitated by 
10 per cent solution of sodium hydrate After filtenng, the traces of merony^ were 
thrown out bj' h^ drogen sulphide To nd the filtrate of sugar, copper sulphate 
was added and preapitated vuth sohd calaum hydrate The final filtrate vas 
water clear Lactic aad m the filtrate was determmed by the method of Fnede- 
man Cotomo and Shaffer 

Results 1 In human adult stools there are at the most only traces of lactic 
aad 

2 Added lactic aad to stools max' be recovered to the extent of 80 to 85 per cent 
Reco\ eiy from waterv solutions of lactic aad are 92 to 95 per cent 

3 If lactic aad be added to a stool and half of the stool sterilized and the other 
half meubated, laebe aad disappears from the meubated porbon but can be 
recox ered from the unmeubated porbon 

Conclusions 1 A rapid method for deteiminabon of lactic aad in stools is 
presented 

2 The bactenal flora of the intesbnal tract in the adult indixndual rapidlv 
dcstrox s laebe aad 
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TheEffed of the Combined XJzeoj EphednneBydrochlondeand DiptalisorEphednne 
Eydroddonde and Ouabatne on the Vnanesihetizcd Dog By Carl A John 
SON, M D , (b> invitation), and N C Gilbert, MJ) , Chicago, HI 
B\ esperiments upon unanesthetized dogs and b> clinical observations the 
authors are of the opinion that the effect of the combined use of ephednne and 
digitalis bodies m sub-lethal doses is distmctlj toxic, espedallj in cases with small 
cardiac reserve 

The authors interpret their results as indicating that thty are dealing with two 
cardiac poisons acting upon imtabibu and conductivity of cardiac tissue They 
also feel that ephednne in the doses given may produce some of the untoward 
effects observed from a secondary para]\&is of the myoneural junction and the 
smooth musculature of the blood vessel as shown by Koppani and LucIhardL 
This ma> mcrease the tendency toward a sudden fall in blood pressure 

In conclusion, they emphasize that when digitalis and ephednne are used on the 
same patient, they should be given with extreme caubon 

The Oecurrence of DtptaUs tn Asctltc and EdmaFluids of Patients Under Treatment 
with Digitalis By George H hlnuER, M J) , Iowa City, Iowa 
Using the Hatcher, cat assay type of experiment, the asatic and subcutaneous 
fluids of certain pabents under treatment for cardiac decompensabon are shown to 
contam a digitalis-like substance The amount of the drug present Is sulQdent to 
be of dimeal significance if it were to enter the blood stream 

Hatcher has shown that digitalis is not eliminated to an> great extent b> the 
kidne\ Since patients under effecbve treatment for cardiac decompensabon 
will often put out enormous amounts of dropsical fluid b> way of the Lidnej's, the 
possibibt> of digitalis poisoning from rctenbon and concentrabon of digitalis must 
be considered 

We have seen clmical evidence suggesbve of such a result when very rapid 
eliminabon of fluid was taking place 

Spontaneous Peptic Ulcers of the Duodenum FoUomng the Total Loss of Pancreatic 
Juice Bv Robert Elman, hi D , St Louis, Mo 
Peptic ulcers were found unifonniyin dogs losing the total external secrebon of 
the pancreas for two weeks or longer The ulcers alwa>"S developed just distal to 
the p\ lonis The animals were all kept m good general condihon andblood normal 
b> intraperitoneal injections of Ringer’s solution Symptoms of gastnc irritability 
were present m all cases These observabons fit in with a number of experiments 
by other workers and have a significant bearing on the problem of the pathogenesis 
and treatment of duodenal ulcer m man 

A Note on the Prevention of Spinal Cord Degeneration tn Pernicious Anemia By 
Paxtl Starr, MJD , Chicago, 111 

A survey of the climeal course of eight of our patients havmg pemiaous anemia 
and spmal cord degeneration indicates that they may be divided sharply mto a 
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group of four in ^^hom the neurologic sjmptoms have not progressed and a like 
number that ha\ e grown steadll^ norse The first group has kept a count above 
five million throughout the penod of three years’ obsetv^ation nhile those who 
have had increasing spinal cord difficulty have had more or less anemia dunng this 
penod There is a striking contrast between the average blood counts of these 
two groups The anemic patients are not to be classed as fiver failures since 
adequate liver has finallj' raised the blood count in each case Neglect or gross 
infection produced the anemia 

Conclusion Those patients who received suffiaent specific substance to keep 
the blood count above five million did not have progress of cord s^'mptoms while 
those who were allowed to become anemic had progressive central nervous 
degeneration 

Segmental Cutaneous Hypcralgesta as an Acairate Indicator of Visceral Disease 
Bj Lee D Cadv, hi D , St Louis, Mo 

The utilization of the so-called Head zones of visceral pam reference has been 
almost totally neglected as a diagnostic test for visceral disease Visceral organs 
that are inflamed or otherwise imder tension usually cause characteristic patterns 
of hiTieralgesia of the skin that are often of great value m differential diagnosis 
The author’s evpenence mcludes a study of these patterns in diseases of the aorta, 
heart, esophagus, gallbladder, fiver, kidne>, small intestme, appendiv, colon, 
unnarv v esical, prostate, salpinx and uterus 

The Clinical Significance of the Electrocardiogram in Hypersensitive Heart Disease 
Bv Thomas Ziskim, M D , (by invitation) Introduced by Hugo Altnow, 
hlinneapohs, Minn 

hlost observers beheve that hvqiertension is an hereditary disease beginnmg in 
middle life, while some behev^e that it has its beginning m ch^^dhood and goes 
through vanous clmical stages A comparativ^e study was made of the clinical, 
x-rav and electrocardiographic findmgs m a senes of 324 cases of hj^iertension 

It was found that the average penod of onset of bv^pcrtension wiVS n the fourth 
decade and that the condition runs a progressive course, reachmg Uracesoamum 
dunng the sixth decade The size of the heart showed a correspondingX jressive 
mcrease 'P' 

B\ means of the electrocardiogram, we can divude hvqiertensive heart disease 
into three stages the imtative stage, the quiescent stage and the degenerative 
stage The absence of the isoelectnc phase in the S-T interval w as characteristic 
of the imtative stage The presence of the inv ersion of the T wave, arborization 
block and delav ed conduction w as characteristic of the degenerative stage There 
was no definite relationship between the height of the blood pressure, the size of 
the heart and left ventncular preponderance The presence of a depression or 
elevation of the S-T phase and other signs of mvocardial degeneration was noted 
more frequentlv as the blood pressure increased 
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The earlier m life a s\'StoUc blood pressure of 190 was reached, the more rapid 
w as the course of the disease and the greater the damage to the heart muscle 

Scnal Electrocardiographic Studies in Acute Coronary Thrombosis Hugo A 
Freund, M D , and Warren B Cooksei, M D , (b\ mvitation), Detroit, 
hlich 

In the past h\o and one half years nineteen cases of coronary thrombosis were 
seen in pri\'ate practice B> means of the portable electrocardiograph frequent 
traemgs ^^ere made and in every one of the nineteen cases, evidence which we feel 
may be said to be diagnostic of coronarv thrombosis was obtamed These finHing n 
are (1) Changes from the isoelectnc level, of the S-T interval, or (2) development 
of the coronary T wave first desenbed bv Pardee, or (3) flattemng or other changes 
in the T wave occumng m a short penod of time, or (4) marked sudden fall in 
voltage of the Q R S In six cases electrocardiographic traemgs had been 
obtained previous to the infarction Nme cases are dead and either the type of 
death or autopsy has verified the diagnosis Lantern shdes are to be shown sum 
raanzmg the electrocardiographic changes In these cases, and a colored plate of a 
Upical thrombosis with infarction 

Blood Urobilin w /Nitrogen detention By M A Blankenhorn, M D , Cleveland, 
Ohio 

Thirty patients with high blood urea were tested by estimating the blood uro 
bllm accordmg to a method previously described by the author The average 
is compared with the average blood urea and unc aad It appears that blood 
urobilin is ‘retamed” when there is retention of nitrogen and to approximately the 
same degree. 

Thyro/oxteosts vnth a Normal Metabolism Early tn the Course of the Disease By 
Fred E Ball, M D , Chicago, HI. 

Occasionally patients are seen who present symptoms and physical findings of a 
thymtoxiawis but who have normal metabolic rates Three such cases are reported 
who later developed an mcreased metabolic rate within a penod of a few weeks to 
two or three months The symptoms did not change dunng that time. The 
suggestion is made that possibly some cases ma\ be diagnosed as nervous when m 
reahtv they have a thyrotoxicosis 

Sypomeiabolism tn Youth and Young Adult Life By John Tucker, M D , and 
E P McCullagh, M JD , (by Invitation), Cleveland, Ohio 

1 A study of hypometabollsm m individuals between the ages of IS and 30 
years (mdusive) 

2 Comparative study of two groups of these cases 

(a) Those in which there is a slight lowering of the metabohe rate 

(b) Those m which there is a marked lowcnng of the metabohe rate 


Tnx jotTBXAi< or cumoAii orrEvnoATio'f rou x. no 
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3 Comparatave study of these tuo groups of cases with relation to prominent 
symptoms 

(a) Those m which pronunent symptoms of neurocirculatory asthema are noted 

(b) Those in which the symptoms are more mdicative of true h-s^pothyroidism 

4 A comparative study of the two groups of cases descnbed above with regard 
to (1) sjTnptoms, (b) physical signs, and (c) laboratory findings 

5 A study of the response in cases in these groups to the admmistration of 
thjToid extract 

Hepatogenous Infection of Gallbladder By EniTOND Andrews, M D , Chi- 
cago, 111 

The nch bactenal flora of the normal liver, espeoally the presence of Welch 
bacilli The mcrease m this flora and its spread to adjacent organs under experi- 
mental toxic conditions m the peritoneum The sterility of normal dogs’ bile 
The prompt mvasion of the gallbladder with microorganisms from the hver in 
cases of experimental cystic or common duct hgation Evidences that this mfec- 
tion is hepatogeneous because of the fact that the inflammatory reaction in the 
gallbladder is much more extensive on its hepatic surface and in early cases of 
cholecj stitis IS confined to the hepatic surface of the gallbladder 
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\TII The Inixdence of the Thyroh) Gland and the Pasathy- 
Eoro Hormone upon the Total Acid-Base Metabolism 

By fuller ALBRIGHT, WALTER BAUER and JOSEPH C AUB 
{From Pte Medual Qtnu oj Pie JJassachtaeUs Gcmrol Bospitcl, Bostcn) 

(Recaved for publication November 26, 1930) 

INTRODUCTION 

The studies of Aub, Bauer, Heath, and Ropes (1) demonstrated 
that there is a marked increase in calaum excretion m hyperthyroidism 
and a decrease m calaum excretion m hypothyroidism Moreover, 
these studies showed that the mcreased calaum m hyperthyroidism 
was partly m the feces, although predommantly in the unne. The 
present mvesbgation was undertaken to deterrmne if possible the 
wherefore of this increased calaum excretion Three possible ex- 
planations had been suggested 

In the first place it seemed possible that there might be an asso- 
aated hyperparathyroidism with hyperthyroidism and an assoaated 
hypoparathyroidism with hypothyroidism That this is not the right 
explanation is suggested by the fact that in hj’perthyroidism the 
serum calaum is only shghtly elevated and there is an mcreased cal- 
aum excretion in the feces, whereas m hyjierparathyroidism the 
serum calaum is much elevated and there is no increased excretion 
m the feces (see studies by Albright, Bauer, Ropes, and Aub (2) ) 

Secondly, the possibihty occurred that the calaum of the bones in 
its capaaty as a reserve supply of base might be excreted in hyper- 
thyroidism to neutrahze some aad There are four known methods 
of neutralizmg such aads 

I Titratable aaditj, used particularly for the excretion of 
phosphates 
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II Axomonia 

ni Fixed Base from extracellular fluids (Gamble, Blackfan, 
and Hamilton (3)) 

I\' Calcium phosphate from the bones 

These various mechanisms are to a certain extent sunultaneoush 
called into play The fourth is often the least aftected by acid diets 
(4) It IS, therefore, fair to assume that if the marked increased ex- 
cretion found in h^'perthj'xoidism is due to an acidosis, there must also 
be obvious stimulation of the other three mechanisms 

It IS true that the increased calcium excretion in both h3q5erthy- 
roidism and in aadosis is associated with an essentiallj’- normal blood 
calcium level On the other hand studies from this laboratory (4) 
shov that the increased calcium excretion found in the feces in hyper- 
thyroidism IS not present in the disordered metabolism of acidosis '■ 
This discrepancy seemed important, but perhaps not fundamental, for 
the increased fecal excretion m hj’perthyroidism may merely be an 
expression of increased intestinal rate and increased excretion of gastro- 
intestinal juices It was thought, too, that the negative nitrogen 
balance, which was present in most of the cases of hyperthyroidism 
studied (1), might point to one source of acid A negative nitrogen 
balance means that energy is being denved from the patient’s ovm 
flesh, — really a meat diet, which, of course, is an acid diet because of 
Its high sulphate and phosphate contents This thought appeared to 
be supported by the obsen'’ation that the negative mtrogen balances 
dunng fasting experiments were assoaated with calcium excretions 
in the unne almost comparable vnth those m hyperthiHoidism (5, 6, 
7) Furthermore, Benedict’s fasting man showed a distinct parallel- 
ism between his negative nitrogen balance and his urinarj’’ calcium 
excretion Of course, the large fecal calaum found in hyperth 3 TOidism 
was not found in the starving man 

Finally, as a third possibility, it was thought that the thjuoid hor- 
mone might have a direct stimulating catabolic effect on the calcium 
deposits m the bones This, we appreaate, is no explanation of how 

* Gnens (8) and Guens and Mendel (9) likewise found no increase in fecal 
calaum in dogs as a result of acidosis although Stehle (10) found a \en. dehnite 
mcrease 
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this catabolic effect is exerted It merely serves to differentiate it 
from other known methods of mobihzing bone salts 

PLAN OF STDD'i 

In order to mvestigate the second possibihty, namely, that the 
calaum excretion m hyperthyroidism might be increased because of 
a demand to help m the excretion of some aad— it was deaded to do 
total aad-base studies By foUowmg the changes in acid and basic 
radicles from the hypothyroid state to the normal and from the hy- 
perth3Toid state to the normal we believed it would at once be ap 
parent whether or not calaum was being called out to neutralize an 
excess of aad Furthermore, it was decided to study m a similar 
manner a nor m al subject before and dunng parathormone medication 
in order to see whether there was any analogy between the effect of 
the thyroid and parathyroid hormones on total aad base metabohsm 
In order to balance the basic factors in the unne against the aad 
factors, one has to know on the basic side 

(1) Fixed base excretion (= sum of Na, K, Ca, Mg) 

(2) NH» excretion 

(3) Titratable aadity ( = base necessary to brmg unne to a pH 

of 7 35) 

and on the aad side 

(1) Chlondes 

(2) Sulphates 

(3) Base binding value of phosphates at pH 7 35 

(4) Undetemuned aad (=■ mostly organic aads) 

(5) Carbonates 

The sum of the aad factors expressed m cubic centimeters of n/10 
should equal the sum of the basic factors expressed in cubic centimeters 
of n/10 (see Gamble (11)) Rather than undertake the necessanly 
difficult task of determimng the carbonates, we have used a procedure 
descnbed by Albnght and Bauer (12) This consists m making both 
the cation and amon columns shorter by the carbomc aad value, i e 
on the cation side our third value is the “titratable aadity minus 
COi” instead of titratable aadity and on the anion side we have not 




Ny/o jv7i0 A’/io ^tio n“io 


-81 21 10 23 <s 23 
19 21 23 23 « 21 ' 
-76 21 87 24 27 21' 
-235 19 33 20 77 11 
-96 20 74 23 16 21 


-115 23 
-490 34 
1 003 47 
1 037 48 
1 316 56 
1 028 46 
-968 45 
-859 42 
-858 41 


39 25 93 23 ■ 
25 36 76 23 
23 49 69 21 ' 
4 5 5 0 95 25 I 
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34 43 26 21 - 
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determined the carbomc aad One obtains the “titratable acidit} 
minus CO 2 ” value by adding a Lnoum amount of mineral acid to the 
unne, bloving off the carbon dioxide, titrating with standard alkali 
back to a pH of 7 35, and then subtractmg the acid added from the 
alkali used The "undetermined aad” was not measured but taken 
as the difference betveen the sum of the basic radicles and the sum 
of the other aad radicles Dunng the remainder of the paper this 
value Bill be called "orgamc acid ” It must be remembered that, 
derived as it is, the organic acid value contains aU the errors of the 
experiment 

The three patients studied were carefully chosen The cases of 
m 3 ’\edema and exophthalrmc goiter were classical examples of the 
severest tj’pes, and during our metabohc study both women essential!} 
recovered The patient to whom parathormone was given was a 
normal man except for a calcified hematoma in his thigh The diets 
used V ere nearly neutral, low in calaum, and satisfied the desires of 
the patient although necessarily not the caloric reqmrement The 
diet as well as the water intake was kept constant throughout each 
stud} The vanations which occurred in their metabohsm, therefore, 
vere dependent upon changes in the patients’ conditions and not in 
their diets The patients were, therefore, their own controls The 
penods of study were three days each The method of coUectmg urine 
and feces was that used m other studies (13) The chermcal methods 
used were as follows for calaum, McCrudden (25), for phosphate, 
Fiske and Subbarow (26), for ammoma, Folin (27), for titratable 
aadity, Folin (28) , for total base, Fiske (29) , for sulphur, Fiske (30) , 
for chloride, Van Slyke (31), for nitrogen, the Kjeldahl method, and 
for serum calaum, Clark and CoUip (32) 

RESULTS 
PART I 

Effect of thyroid extract on patient vnth myxedema 

(The data for Part I is given m table 1 and chart 1) Mrs L C 
had se\ere m}'xedema She was a ver}' cooperative patient, vho vas 
mamtained on a constant diet and flmd intake throughout this ob- 
serv ation although in se^ eral penods (IV, V, and XI) her dietar}" intake 
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was not quite so canstant as m other penods During the first five 
periods (i e , 15 days) she received no thyroid medication, so that this 
period represents the metabolism of complete myxedema Through- 
out the rest of the observation she received Armour’s thyroid extract 
daily by mouth Penods VI to IXmclusive represent themarked change 
of begmning of thyroid medication (0 4 gram per day), and the next 
five penods (X to XTV inclusive) represent thyroid medication after 
equihbnum has been more nearly established In order to be sure that 



this represented the permanent stage metabohcally, the patient was 
sent home for two weeks on constant thyroid medication but without 
dietary restnctions She then returned to the metabolism ward on 
the previous regime and penods XV and XVI were obtamed, which 
represent the steady state of her normal metabolism Thus the entire 
mvestigative penod can be divided mto four mam subdivisions 

(a) Periods I — V, control penods before thyroid medication 

(b) Penods Vf-IX, showing marked changes at begmmng of 

thyroid medication 
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(c) Periods X-XIV, after equilibnum has been more nearU 

established, and 

(d) Penods, X\^-XVI, shonnng established thjTOid medication 

Water balance 

It IS a striking fact that in spite of a constant flmd intake, but a 
marked loss in weight, the ^quantity of urine excreted per period was 
practically uninfluenced by thyroid feeding Any increased flmd, 
therefore, was eliminated either through feces or through insensible 
perspiration,values which were not established in our observations 

Protein mctaboltsin 

Thyroid extract produced a marked eSect upon the protein me- 
tabolism in this patient, for the mtrogen equihbnum, estabhshed 
dunng the control penod, changed to a very marked negative mtro- 
gen balance (eqmvalent to 24 4 grams N per penod) during periods 
X-XR^ There was still an average negative nitrogen balance of 6 5 
grams during penods XV and X\T after three weeks of continued 
thyroid medication 


Calcium metabolism 

The conclusions in Paper III (1), m regard to calaum excretion in 
mj^edema, are confirmed by this patient The calaum elimination 
before treatment was ver}^ much below normal, but after thyroid was 
taken the calaum excretion more than doubled in the unne and it also 
rose in the feces As pointed out m a previous publication (14), this 
increase m calaum excretion in the feces is a umque effect of thyroid, 
as other methods of maeasing calaum excretion affect urmary excre- 
tion alone This loss of calaum is quite out of keeping with the loss in 
body v eight as in these 5 periods (X-XIV) the loss of body weight was 
only 2 6 kgm more than in the control five penods If one figured 
that the total loss of weight nas due to body flmds and that these 
fluids contained 10 mgm of calaum per 100 cc as in serum, then the 
calaum excretion should have inaeased 260 mgm The actual in- 
CTeased calaum output (2300 mgm ) would still be far m excess of this 
calculation We are, therefore, again forced to the conclusion that the 
excess calaum uas denied from the bones It is clear that this 
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unnary calaum is markedly mcreased during the first three days of 
th}Tuid medication This mcrease is also obvious m the phosphorus 
excretion, but the mtrogen elimination and the basal metabohc rate 
are not mcreased until the second period of thyroid feedmg It is thus 
evident that the response m the calaum metabolism to thyroid medi- 
cation IS partially mdependent of these other factors This is con- 
firmed m our studies of the treatment of parathyroid tetany with 
thyroid medication (Paper VI of this scries (15) ) 


TABLE a 

The ejffed oj thyroid adminitlration on ailctum excretion in the case of myxedema 


Periods 

Urine 

excretbo 

ToUl 

escredon 1 

Belaoce 



ce ff/JO 

« If /to 

ec y/jo 


I-V 

118* 

234 

-131 

Before thyroid treatment 

VI-K 

236 

357 

-243 

1 Pint 4 periods of thyroid treatment 

X-XIV 

303 

464 

-352 

5th-9th periods of thyroid treatment 

XV-XVI 

306 

650 

-534 

Periods of established thyroid medication 


• The average vahae per period a given In each caae. 


Phosphorus mclabohsm 

In table 3 are given the data for the phosphorus balances By 
“theortical balance” as described m an earher paper (2) we mean that 
part of the phosphorus balance which is explamable by the calaum 
balance and by the mtrogen balance This is based on the assumphon 
that any balance of calcium represents Ca,(P 04 )j in bones (CaJ = 
19)’ and that any balance of mtrogen represents protem (NT ■= 17 41 
When the actual balance is less than the theoretical balance it should 
pomt to a loss of phosphorus from body flmds 

In table 3 one notes a tremendous mcrease m phosphorus exaction 
durmg thyroid medication This was to be expected because of the 
large negative mtrogen balance Dunng the control penods (I-V) and 

'■ Calaum has been thought to be d^xsited hugely ns tertiary calaum phosphate 
(Ca P “ 1 93) hut is also partly deposited as calaum carbonate so that the ratio 
of caldum to phosphorus m bone is appronmately 2 23 1 For relatively rough 
calculations like the present it makes httle difference whether one uses the factor 
1 9 or 2 2 In this paper we have arbitranh chosen 1 92 
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the periods of established thjToid feeding (X\^-X\T;), one notes 
that not so much phosphorus was excreted as one would expect from 
the theoretical balance This probablj" means that the phosphorus 
calculation from the diet was shghtly too high The interesting thing 
is that dunng the transition penods (\T-IX) more phosphorus ivas 
excreted than one should have expected, in contrast to these other 
penods This occurred m spite of a rising blood phosphorus (see 
table 1) Again, even if the 4 1 kgm loss of body weight dunng this 
penod were entirely body flmds, which of course it was not as shown 
by the negative nitrogen balance, and if this body flmd were thought 
of as contaimng 4 mgm of phosphorus per 100 cc , only 164 mgm of 
phosphorus would be accounted for It would appear that the imme- 


TABLE 3 

The effect of thyroid adnnnislralton on phosphorus excretion tn the case of myxedema 


Penod 

Intake 

j 

Output 1 

1 

Actual balance i 

i 

'Theoretical { 
balance" 1 

1 

Escesj of actual 
o\er "theoteucal 
balance ’ 


ec K/10' 

cc NflO 

cc N/IO 

« X/IO 

cc K/IO 

I-V 

877t 

776 

-MOl 

-101 

-P202 

\H-IX 

967 

1706 

-739 

-661 

-78 

X-XIV 

958 

1584 

-626 

-1006 

-f380 

XV-XIH 

989 

1325 

-336 

-493 

+157 


* Phosphate figures are all reduced to cc n/10 base which would be bound by phosphate 
at a pH of 7 35 

t The a\ erage \ alue per period is gi% en in each case 


diate effect of the thyroid hormone is to excrete phosphorus m excess 
of what can be explained by the increased mtrogen and calcium excre- 
tions Furthermore, by companng penods X-XIV with penods 
W-IX, one gets the impression that the increased excretion of phos- 
phorus at first IS later compensated for Thus if one averages penods 
together one obtains an average excess of actual over theo- 
retical balance per penod of -f 176, which is not far from that noted 
in the control penods It w ould seem that the th} roid hormone had 
caused a brcakdowTi of protein wath an immediate excretion of the 
phosphorus and a later excretion of the mtrogen Boothbj , Sandi- 
ford, Sandiford and Slosse (16) found a temporarx* increase m the 
nonprotein mtrogen of the blood of two myxedema patients under 
thxTOid treatment 
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It should be further noted that the increased phosphorus excretion 
IS entirely in the unne 


Acid radicles tii tinnc 

We have now to examine the aad elements which were excreted m 
the unne to see whether they mcreaaed appreaably under thyroid 
medication (see table 4) These factors are phosphates, sulphates, 
chlondes, and orgamc aad radicles 

The phosphates have been discussed above 

As was to be expected from the increased mtrogen excretion under 
thyroid medication, there was a corresponding mcreased sulphur 
excretion The ratio of the mcrease m mtrogen excretion to the 


TABLE 4 

The effect o] thyroid admimslrotion on acid excretion in the urine in He ease oj mtxedema 


Periodj 

1 PhcpcpbAtet 

loorguifc 

tQlpaatcs 

Cbloddet 

Oriuk ftdd 
7«dkk3 

ToUJ Midi 
miota mbo* 
nitn 


« N/tO* 

« Y//<7 

N/JO 

« y/jo 

a. N/10 

I-V 

554t 

595 



4,452 

Vl-IX 


1 236 



5,186 

\--av 

1 1 352 


1 864 


5,598 

xv-x\t: 



1,911 

848 

4 678 


* Phosphate figures in terms of cc. n/ 10 base which would be bound by phosphates 
at a pH of 7 35 

t The average value per period is gl\ en in each case 


mcrease in inorganic sulphate excretion was dunng penods VI-IX, 
17 3, during penods X-Xr\7, 15 8, and dunng penods XV-XVI, 17 3 
This corresponds very closely with the ratio of 17 S found by Gamble, 
Ross, and TisdaU (17) m fastmg children We may, therefore, assume 
that the mcreased sulphate excretion represents the oxidized sulphur 
from the mcreased protem catabolism 

It IS interestmg that durmg the whole observation of 48 daj's 416 
cc N/10 more chloride was eaten than was excreted in the unne This 
IS a vanation of only 1 3 per cent of the intake It is d iffi cult to 
understand why more chlonde was not excreted as a result of the large 
loss of waght It IS of speaal mterest that least chlonde was excreted 
dunng penods VI-IX and penods X-XTl^ when the loss of weight and 















198 THYROID, PARATHYROID, AIO) ACID-BASE MET ABOLISH 


nitrogen were at their height One wonders whether the chloride 
excretion in the urine was not diminished in these penods as a com- 
pensation to the increased sulphate and phosphate excretion We did 
not examine the chlonde excretion in the feces for it has not been con- 
sidered a large factor It is possible, however that the elimination of 
chlonde here may have been appreaable and possibly more so at the 
time when other acids were increased in the unne 
Like the chlonde excretion, the orgamc acid excretion was dimimshed 
during the penods of increased sulphate and phosphate excretion 
This IS in agreement with the observation made by Albright and Bauer 
(12) from a similar type of experiment that orgamc aad excretion is 
dimimshed m the unne durmg penods of mcreased excretion of acid 
radicles and increased dunng penods of mcreased excretion of basic 
radicles It would appear that orgamc aad behaves somewhat like 
carbomc aad in this respect (see Gamble (11)) 

In the last column of table 4 are given the figures for the Mai acid 
excretion m the unne One notes that the net result is a gam of about 
1000 cc of n/ 10 per three-day penods durmg the first 27 days (jpenods 
"VT-XW) of thyroid medication Dunng the final periods (XV-XVI) 
the aad excretion has returned to approximately that found before 
thyroid medication It would appear that the mcreased sulphate 
and phosphate exactions, resultmg largely from the negative mtrogen 
balance, are not entirely compensated for by deaeased chloride and 
organic aad exaction and that thyroid medication m this patient at 
least temporarily mcreased the sum total of acid electrolytes appeanng 
for excretion in the unne 

Basic radicles in urine 

We must now examine the basic radicles m the unne to see by 
what measures the increased aad exaction was met (see table 5) 
The basic factors are titratable aadity imnus CO 2 , NIL exaction, 
and total fixed base exaetion 

The titratable acidity minus COt showed the expected increase 
dunng the penods of maeased aad exaetion 
Likewise, the ammonia exaetion was maeased as a result of thyroid 
medication Thus, two lines of defence against an aadosis had been 
partialh mobilized 
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When one examines the total base excretion (see table !• as well as 
table 5), one is surprised to find that it is very httle affected by thjTroid 
medication What httle increased excretion there is, mostly in the 
feces, can be accounted for by the calaum lost from the bones rather 
than by base held in body fluids As with the chlonde excretion, one 
does not find even the increase which one would expect from the loss 
of weight and mtrogen (see calculation m footnote and table 1) 
Followmg the conception of Boothby, Sandiford, Sandiford and Slosse 
(16) we are led to beheve that the loss of mtrogen represents deposit 
protein rather than true protoplasm and that this deposit protein 
does not hold water and salts to the same extent as structural proto- 
plasm 


TABLE J 

The efect of Ihyroid admtnUtrcthn on txcrethn of boHc rodtcJu tn the unne tn the cast of 

myxedema 


Periods 

TtwmUble tddity 
ealiiiuCOi 

NH. 

Fixed bt«e 

Some! b»sic 
fee ton 


u,N/t0 

et,N/S0 


rt if/iO 

I-V 

290 

759 


4 452 

VI-IX 

765 

1,293 


5,186 

X-XIV 

903 

1 024 

3,671 

5,598 

XV-XVI 

653 

732 

3 293 

4 678 


* The meaning of tltratablc acidity minus COj” has been disciiased in the text. 


Finally, when w e examine the basic factors as a whole m the unne 
we find that the mcreased aad excretion is adequately taken care of 

* B> “theoretical total base balance” In tabic 1 ia meant the total base balance 
which one wiDuld eii>ect from the calcium balance and the nitrogen balance Thus, 
if 100 cc. of N/10 caJaum were lost from the bones one would expect the total base 
balance to be minus 100, other things being equal Likewise, if nitrogen were lost 
from the body, one would expect the base held by the muscle water thus liberated 
to be excreted In calculating the amount of muscle water liberated from the 
nitrogen balance, the following formula taken from Gamble, Ross, and Tisdall 
(17) has been used 

N X 29 J X 0 76 — muscle water 

The first factor provides an estimate of the protoplasm destroyed and the second 
indicates the coircspondmg water content The total base content of muscle 
water has been taken to be 180 cc of n/ 10 per 100 cc, (17) 
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by an increase in the acidity of the unne and by an increase in ammonia 
excretion from body flmds, and that, consequently, the increased 
calaum excretion, the “fourth hne of defence,” is probably not acting 
in Its capacity as a reserv^e supply of base but is caused by some other 
factor This reasomng gains support by a companson of the figures 
in this case with those obtained by administration of ammonium 
chlonde to a patient i\nth nephrosis studied by Albnght and Bauer 
(12), and by the administration of phosphates and chlondes studied by 
Farquharson, Salter, Tibbetts, and Aub (4) These patients responded 
to aad ingestion by marked increase in total base excretion 

SUmiARY 

The feeding of thyroid in this case of myxedema produced the 
following effects The basal metabohsm rose from minus 42 per cent 
to plus 5 per cent dunng the observation With this change in the 
metabohc rate there was a loss of weight with a marked negative 
nitrogen balance As a result of the negative nitrogen balance there 
w'as a large increase in the excretion of sulphates and phosphates in the 
unne This increased aad value of the unne was somewhat diminished 
by a decreased excretion compensatoty) of chlondes and organic aad 
radicles in the unne The net mcreased aad value of the unne was 
entirely met on the basic side by an increase in titratable aadity and 
NHi excretion, so that there was no increased excretion of total base 
in the unne, other than the shght increase that could be accounted for 
b}’ the increased calcium excretion It is, therefore, thought un- 
likely that the increased calaum excretion which occurred m both 
unne and feces was due to a demand for base to help m the excretion 
of aad 

The figures also showed that the increased phosphorus excretion 
was at first more than could be explained by the increased calcium and 
mtrogen excretion, but that there was apparently later a compensa- 
tor} retention of phosphorus 

From the fact that the increased nitrogen excretion was not asso- 
ciated with an increased excretion of total base and chlonde it is 
behexed that this nitrogen might represent destruction of deposit 
protein rather than of structural protoplasm and that deposit protein 
has a different relation to intra-cellular water and salts than has 
structural protein 
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PART n 

Effect of Lugol’s solulton and subtotal iltyroidectomy on a patient with 
exophthalmic goiter 

(The data for Part 11 is given m chart 2 and table 6 ) The patient, 
Emma F , was a young woman who was suffermg from a very acute 
and severe exophthalmic goiter The six weeks’ study includes the 
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Chaht 2 

whole penod of dramatic change from the severest type of the disease 
back to normak Her basal metabolism changed from plus 99 per 
cent to a normal figure The entire study of 16 three-day penods may 
he divided mto 

(a) Control penods before treatment (periods I-iii) 

(b) Penods with Lugol’s medication (penods rV^-Viil) 
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Emma F , aged 28 Admitted April 14, 1927 Discharged June 5, 1927 Diagnosis Eyophthalraic f 









Calaum metabolism 

Phosphorus mclabohsm 
(\'alence assumed at 1 S) 

N 







o 

E 





c 

S « 
^ § 





U 



Tenod number 

Weight 

Caloric intake 

Fluid Intake 

Unne 

Dned feces 

U 

a 

</ 

e 

Urine 

Total output 

Intake 

Balance 

§1 

•a? 

|o 

Ch 

Urine 

Total output 

Intake 

Balance 

M 

£ 

1 

E 

8 

Urine 

Total output 


lihs 

ealo 

ri« 

ce 

cc 

gram 


N/W 

cc 

A/;o 

cc 

MlO 

u 

NilO 

cc 

N/JO 

CC 

N/IO 

u 

N/IO 


cc 

iY/;o 

CC 

h/iO 

trams 

trams 

I 

59 2 

8 997 

11 802 

5 460 

93 4 

+99 

700 

1 368 

216 

-1 152 

-602 

2 182 

2 915 


-1 215 

-1 220 

58 19 

62 60 

II 

58 6 

8 938 

11 787 


89 1 

+95 

1 176 

1 738 

215 

-1 528 

-797 

2 498 

3 230 

1 674 

-1 560 

-1 648 

64 21 

68 51 

111 

57 8 

8 934 

11 760 


71 5 

+69 

1 425 

2 016 

214 

-1 801 

-940 

2 327 

3 055 

1 577 

-1 478 

-1 673 

54 91 

59 13 

IV 

57 0 


13 600 

5 745 

73 9 


1 161 

1 685 

207 

-1 478 

-771 

1 826 

2 428 

1 373 

-1 055 


38 48 


V 


9 033 

13 600 

7 550 

69 6 

+47 

1 276 

1 943 

216 

-1 727 

-900 

1,162 

1 965 

1 700 

-265 

-816 

37 19 

41 60 


58 0 

9 028 

13 600 

8 275 

78 4 


887 

1 320 

216 

-1 104 

-576 

1 092 

1 758 

1 699 

-59 

-263 

30 33 

31 71 

\TI 

57 7 

9 157 

13 600 

6 770 

70 7 

+34 

663 

1 284 

216 

-1 068 

-557 

1 144 

1 952 

1 700 

-252 

-301 

32 11 

36 52 

VUI 

57 2 


13 600 

5 510 

71 1 


772 

1 495 

216 

-1 279 

-666 

1 206 

2 425 

1 700 


-367 

36 15 

40 56 

IX 



11 760 

5 365 



662 


193 



1 256 


339 



36 72 

38 56 

X 

57 0 

7 560 

13 005 

8 ISO 

41 5 


209 

673 

192 

-482 

—252 

522 

1 299 

1 170 


27 

25 03 

28 71 

\I 

57 6 

9 033 

13 600 

9 185 

59 4 

+ 11 

116 

650 

216 

-434 

-226 

389 

1 358 

1 701 


279 

24 56 

28 97 

xn 

58 5 

9 033 

13 600 

9 020 

76 8 

-7 

156 

713 

216 

-497 

-259 

598 

2 389 

1 700 

-689 

215 

25 49 

29 90 

xin 

59 4 

9 147 

13 600 

9 140 

72 0 


210 

561 

216 

-345 

-180 

681 

1 220 

1 700 

■ 

262 

26 40 

30 fO 

xrv 

59 4 

9 153 

13 600 

9 505 

66 5 


190 

555 

216 

-339 

-177 

1 276 

2 125 

1 699 


227 

27 60 

32 


59 5 

9 153 

13 600 

10 310 


+5 

210 

643 

216 

-427 

—222 

1 496 

2 430 

1 700 

-730 

-12 

33 40 

37 fO 

X\1 

60 2 

9 153 

13 600 

9 OSS 

72 5 

+ 16 

195 

652 

216 

-436 

-227 

1 206 

2 178 

1 700 

-478 

-366 

34 00 

38 40| 


[pj- 

in 

<3! 

43 


4(3 

4( 

4(1 


131 

3 

41 

41 


• Constant low calaum diet. Protnn U gram per lilogram per da> Calories 45 grams per kilogram per da> Fluid JOCOcc- 
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(c) Periods directly foUomng subtotal thATOidectomy in which 

LugoPs medication was continued (periods DC-XII) 

(d) Penods following cessation of Lugol's medication (penods 

xin-x\a) 

During the entire study she had almost the same food, water, and 
salt intake daily except for the penod which included her operation 

Wafer balance 

1\^th the decreasing metabolism resulting from treatment there was 
an increased urmary excretion of water, in spite of a gam in weight 
This diuresis, furthermore, was assoaated with a dimimshed excretion 
of urmarj’- constituents It is probable that this increase m unne was 
due to the decrease in the insensible perspiration assoaated with the 
decrease in basal metabohsm 

Nitrogen metabolism 

The urinar}’’ nitrogen excretion was very high at first, resulting in a 
considerable negative mtrogen balance during the first three control 
penods, but fell very rapidly under treatment so that a positive nitro- 
gen balance was obtained dunng penod V and thereafter with the 
exception of the time of the operation The assumption is made that 
the fecal nitrogen is 10 per cent of the intake 

Calcium metabohsm 

In this patient, a marked increased calaum excretion in the urine 
and feces was found as in the cases of exophthalmic goiter which have 
already been reported The urinary calcium excretion during the 
three control periods w as 6 5 times normal and the fecal calcium 
excretion 2 times normal By “normal”’ we mean the calaum excre- 
tions of a senes of normal men under a similar regime (18) It is 
most significant that this increased calaum excretion, although even- 
tualh brought almost to normal b\ treatment, remained nevertheless 
cxcessn e after nitrogen equilibnum had been established (see table 7) 
This in itself is strong endence that if the increased calaum excretion 
m h\'perth}TOidism is due to an acidosis, it is not simpl} due to the 
acidosis resulting from burning protein Further endence for this 
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Will be found m Paper XTTT (4) of this senes a normal man (R F F ) 
on a high protem diet excreted 83 grams of unnary nitrogen in three 
days While this indicates a far higher protem catabohsm, his cal- 
aum excretion remained less than one fourth that found at first m 
this case of exophthalmic goiter 


TABLE 7 


The efeci of tretUmeni on calcium ex rtlton tn ike case of exophthalmic goiter 


1 

Periodj 

Urioe 

exentioa 

ToUl 

excretion 

BaUdcc 

Renurfa 

i-ra 

« y/10 

1 100* 

1,707 

u \/t0 

-1 494 

Before treatment 

iv-A^ni 

952 

1 545 

-1 331 

Lugo! 8 medication 

K-XHt 

2815 

679 

-471 

Following subtotal thjroldectomy with 

xm-wi 

201 

603 

-387 

continuation of Lugols solution 
Following omlBsion ol Lugol's solution 


• The average value per period ii given in each case. 

I Id obtaining the arerages the operative period (period IX) is omitted. 


TABLE 8 


The efect of treatment on phosphorus melabcHtsm in the ease of txophSholmK goiter 


Penod* 

InUke 

j 

Out pat 

1 

Actual Iwkoce 

“Tbeoretical ' 
balaoce* 

Excess ol tcioal 
oTer‘'tli«retical 
balance** 


« A'/ZO 

« \/J0 

« N/SO 

u,N/I0 

cc. A’//0 

i-m 

1 6501 

3 067 

-1 417 

-1,514 

-1-97 

iv-vni 

1 634 

2 105 

-472 

-438 

-34 

IX-Xllt 

1 524 

1,682 

-158 

+174 

-332 

xin-x\i 

i 1 700 

1 

1,988 

-288 

+28 

-316 


* phosphate figure* are all reduced to cc. n/10 base which would be bound bv phosphate 
at a pH of 7 35 

t The average value per period is gi\ en in each case 
} In obtaining the average*, the operative penod (penod DC) is omitted 

Phosphorus inctabohsm 

Table 8 shows an analysis of the phosphorus data With the de- 
crease m the negative mtrogen balance with treatment there was a 
marked reduction m the phosphorus excrebon Later there was a 
further reduebon corresponding to the decreased calaum excrebon 
By a comparison of the actual and theorebcal phosphorus balances it 




206 THYROID, PARATHYROID, AND ACID-B^SE METABOLISH 


Will be seen that there was verj’- dose agreement at first This sup- 
ports the obsen^ation that the phosphorus lost from the body in h}*per- 
th^TTOidism IS only what w^ould be expected from the calcium and 
nitrogen losses (1) Dunng recover}^ a little more phosphorus was 
excreted than could be accounted for by the calaum and nitrogen 
balances As in the case of myxedema under treatment the phos- 
phorus changes were almost entirely in the unne 

Aad radicles m urine 

Table 9 has been constructed similar to table 4 to show the effect 
of treatment on the aad radides in the unne 


TABLE 9 

The effect of treatment on excretion of acid radicles in wine in the case of exophthalmic goiter 


Penods 

Phosphates j 

Sulpbstes j 

1 

Chlondea ! 

Organic nad 
radicles 

Total acids 
minus carbo 
nates 


ce X/IO' 

u mio 

ct u/io 

u U/lO 

cc N/tO 

i-m 

2,336t 

2,163 

3,523 

1,538 


iv-vni 

1,286 

1,305 

3,633 

1,373 

\ 7,597 

ix-xnt 

503 

952 

2,928 



xin-xtH 

1,165 

1,056 

1 3,417 

1,536 

7,174 


* Phosphate figures in terms of cc ^/10 base which would be bound b> phosphate at 
pH of 7 35 

t A\ erage \ alue per penod is given in each case 

J In obtaimng the at erages, the ojierative pienod (period IX) is omitted 

The phosphate excretion has been discussed above and shows the 
marked fall under treatment with the terimnal nse on the omission 
of Lugol's solution, thus paralleling the basal metabolic rate and the 
nitrogen excretion 

The sulphate excretion hkewise parallels the nitrogen excretion 
The ratio of urinarj’^ mtrogen excretion to 'the imnary inorgamc sul- 
phate excretion remains at about the level of 17 5 w'hich Gamble, 
Ross, and Tisdall (17) found in children dunng fasting 16 9 in 
periods I-III, 16 7 dunng penods I\''-\Tn, 17 2 dunng periods X- 
XII, and 17 4 dunng penods XHI-XVT 

The intake and output of chlorides over the whole penod of observa- 
tion are remarkably dose Dunng this study of 48 da> s she consumed 
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SSO cc. more n/ 10 chlonde than were found in the urme This is 
approximately one per cent of the total mtake and is a very close 
approximation of the theoretical amount she should have retamed 
considermg the total gam of 1 kgm m weight Of course, durmg the 
period when she i^as losing weight her chloride excretion wis higher 
than when she was depositing tissue Thus, the low excretion of 
chlondes durmg periods IX-XII can be accounted for by the rapid 
gain m weight here It appears, therefore, that the tissue losses and 
gams m exophthalmic goiter have essentially a normal chlonde con- 
tent m contradistmction to that found in myxedema 

The excretion of organic acid radicles remains on the whole qmte 
constant although here again it tends to be highest when the other 
aads are lowest Considermg the large metabohc changes which 
occurred durmg this observation, the organic and figiues are remark- 
ably constant 

When the figures giving the total acid excretion are compared it will 
be noted that there was a marked decrease m and excretion as a 
result of treatment and that the total and excretion followed the basal 
metabolism m a qmte parallel curve Except for the difference m 
the behavior of the chlondes it may be said that the and radicle 
individually and collectively behaved oppositely to what they did in 
the case of myxedema under treatment 

Basic radicles in unite 

Table 10 shows how the fluctuations m the and excretion were met 
The figures for the “tilratable actdtiy minus COi" show the expected 
paraUehsm with the total and excretion Smce the titratable andity 
value of the urme is largely dependent on the buffer action of the 
phosphates one would expect it to be increased when a large amount of 
phosphate was bemg excreted 

The ammonia excretion is very surpnsmg It shows no parallelism 
with the add excretion and is actually highest when least aad is 
present for excretion This is all the more surpnsmg when one reahzes 
that the total mtrogen ehmmation was lowest when the ammoma 
excretion was highest The ammonia mechanism is not called into 
use m this case of hyperthyroidism and the mcreased aad excretion 
18 apparentlt completely taken care of by other factors In other ex- 
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and that the ammonia mechanism was never needed to help mthe 
excretion of aad Furthermore, the mcreased total base excretion 
durmg the hyperthyroid state was probably to be explamed by the 
increased calaum excretion and the increase of base from mtracellular 
flmd resulting from destruction of protoplasm, so that there was realij 
no evidence of the “third hne of defence” acting, namely, the excretion 
of base from extracellular flmd supphes 

SUMMARY 

A patient with severe exophthalmic goiter (basal metabohc rate 
= plus 97 per cent) was brought to a normal state of metabohsm 
(basal metabohc rate = min us 7 per cent) by Lugol's solution, 
followed by subtotal thyroidectomy She later showed a shght 
secondary rise of metabohsm (basal metabohc rate ■= plus 16 
per cent) with omission of Lugol’s solution The marked negative 
mtrogen balance, present at first, disappeared with treatment Asso 
aated with the negative mtrogen balance there vas a large excre 
bon of aad in the unne due to the sulphates and phosphates hb 
erated from the metabolized protein and due to tbe chloride excre- 
bon from the intracellular water of metabolized protem The fluctua 
tions m the orgamc aad excrebon were insignificant This marked 
excretion of aad was met on the basic side by alargebbatableaaditj 
value m the unne and by a large total base excrebon These two 
factors apparently were suffiaent so that the ammoma mechanism was 
not necessary and there was no excess of ammonia excrebon The 
total base excreted could probablj be accounted for by the total base 
denved from the mtracellular water of the metabohzed protem plus the 
calaum excrebon from the bones There was apparently no increase 
m base denved from extracellular flmds One is forced to the behef 
that the marked mobihzabon of calaum from the bones before treat 
ment helped take care of the large aad excrebon, but that the need for 
base to excrete aad was not the cause of the mobihzabon, m which case 
the ammoma mechanism and the excrebon of base from extracellular 
flmd should also have been present The fact that an mcreased 
titratable aadity of the urme was present before operabon is probably 
merely a by result of the mcreased phosphorus excrebon and not evi- 
dence of an aadosis 
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TAT 

\\ illiahi S , Aged 45 Admitted JahuAT> 21, 1927 Discharged Mareh 8, 1927 Diagnosis M\ ositis oisii 
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PART ni 

The cjjccl of parathyroid extract administration on the total acid-basc 
metabolism of an csscntwlly normal individual 

This study has been discussed m a previous pubhcation (2) As the 
data V as ne^ er published, hov ever, it is included here in table 11 and 
chart 3 It furnishes an opportunity to compare the effects of the 
parath\ roid hormone vTth that of the thyroid hormone 



I*n Cor'ro) renod3(i5(;a>5; I lorarnormoie i»Onil5perFenKJ(i2(>3yS jcoUnls per FeTiod(i5 days) 


Chart 3 

The patient was a laborer of 45 uho received parathormone injec- 
tions in the hope (n hich u as unfulfilled) that an ossified hematoma of 
the thigh might be decalcified He had a constant food and fluid 
intake throughout the duration of the investigation — 14 three-day 
penods Dunng periods W-X he received parathormone mjections 
Dunng the final penods (XHI and XI\^) he received sodium bi- 
carbonate 

A detailed discussion of the results 11111 not be repeated here The 
outstanding effect of parathormone was on the calaum and phos- 
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phorus excretions and none of the other fluctuations Mere sufBaent 
to seem fundamental There was a tendency for the water, chlonde, 
and total base excretion to increase durmg the penods ofparathyroid 
admmistration This was so shght that it Mould not deserve com- 
ment had there not been a marked reduction of these elements in the 
first penod foUowmg cessation of the drug, suggesUng that the previous 
rises were not coinadental The slight increase m the protem me- 
tabolism as shown by the increased mtrogen and sulphur excretions 
was probably comadental for it did not occur m the other normal 
mdividuals to whom we have given parathormone Brehme and 
Gyorgy (19) stress the increased ammoma excretion alter parathor- 
mone admimstrapon but the increase in this observapon is certainlj of 
small magmtude The decrease in btratable aadity m the imne is 
very surptismg, occurnng at a time Mhen the phosphates are much 
mcreased in the unne The effect of sodium bicarbonate was what 
would he expected and needs no analysis here 
In summary it can be said that the parathyroid hormone had very 
httle effect on the electrolytes of the unne except its well known effect 
on calaum and phosphate, that it did appear to increase shghtl> the 
excretion of body flmds with their salts as shown by an mcreased 
water, base, and chlonde excretion, but that there was no evidence 
that It upset in any quantitative manner the aad base balance of the 
body In spite of an mcreased phosphate excretion m the unne there 
was a decreased titratahle aadity under parathormone administration 

GENERAL SUMMARY AND CONCLUSIONS 
The object of this study has been only partially fulfilled We 
had hoped to determine the cause of the stimulating action of the 
thyroid hormone on calaum phosphate excretion but have merelj 
ruled out certain possibilities That the thyroid hormone does not 
act by stimulating the parathyroid glands seems evident from the lack 
of any marked effect of the thjTOid hormone on serum calaum and 
serum phosphorus That the thyroid hormone brmgs about mobihza- 
tion of calaum phosphate to assist m the excretion of aad metabolites, 
a possibihtv which seemed a pnon very probable, we beheve we have 
likewise disproved The evidence against this latter supposition is 
twofold The marked increased excretion of aad resulting from thy- 
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roicl administration m a case of m)rxedema was not suffiaent to cause 
the excretion of base dissolved in extracellular body fluids even to 
a limited extent and the increased aad excretion in the case of hj^er- 
th\TOidism was not suffiaent to cause an increase in ammonia excretion 
or an increase in excretion of base dissolved in extracellular body fluids 
One IS forced to the supposition that the thyroid hormone exerts some 
specific action on the calaum-phosphate metabolism, which is the 
same as saxnng e have not found how it acts 

Certain speculations occur to one as possibly pertinent in the ex- 
planation of the action of the thyroid hormone on calaum phosphate 
mobilization from the bones It seems not impossible that there may 
be a tissue acidosis resulting from increased cellular activity which is 
not reflected in the blood stream but which may increase the ab- 
sorption of calaum from the bones This is pure speculation A 
second explanation is the possibflity that the maeased blood flow in 
h},'perth}Toidism is a factor in the increased calaum excretion In- 
\ estigators agree that the total blood flow is increased in hyperthy- 
roidism and decreased in hypothyroidism, roughly proportionately to 
the metabolism (20, 21, 22) Since calaum is normally present in 
the blood stream well above its threshold for excretion (23), it would 
follow that the amount excreted by the kidney (and possibly by the 
gut) would be proportionate to the blood flow to these parts Thus 
with a doubling of the metabolism one might expect an maease of the 
ailcium excretion, pro\Tded that the mcrease in blood flow to the 
kidnc} IS proportionate to maease in total blood flow That maease 
m blood flow IS not the entire explanation is shown by the over six- 
fold maease m calaum excretion m the unne m the case of exophthal- 
mic goiter here reported Such an explanation, furthermore, would 
not explain the rises, slight but defimte, produced by the thyroid 
hormone on serum calaum and phosphorus A third possibihty is that 
the phenomenon may be assoaated with an mcrease m permeability 
of the tissues Petersen and Lexunson (24) m a recent review of this 
subject found “a striking maease m capillary permeability m ex- 
ophthalmic goiter ’ and suggest this as the cause of the maease m 
calcium excretion Since calaum diffuses wuth difficulty, any marked 
change m pcrmeabihtx of tissues might bnng about a marked change 
m calaum exaction This explanation, again, fails to account for the 
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clianges m blood values Finally, there may be a combination of 
several factors at -work 

As an mteresting by-result of the investigation, it appeared that the 
protem lost as a result of administration of th>Toid to a patient with 
myxedema was dissimilar from protein lost dunng starvation or during 
thyrotoxicosis Whereas hyperthyroidism is assoaated with the ex- 
cretion of mtracellular fluid with electrolytes m amounts dependmg 
on the destroyed protoplasm, these electrolytes seemed to be largely 
absent m myxedema If as Boothby, Sandiford, Sandiford, and 
Slosse (16) suggest, admmistration of thyroid decreases deposit 
protem, it would appear that deposit protem does not have the same 
relationship to mtracellular water as ordmary structural protem 

CLINICAL DATA 

Case I Mrs L C , Massachusetts General Hospital No 281823 Clinical 
diagnosis M\'xedema The patient’s hospital entries were from Fcbruarj 18 
to April 5, 1927, and from April 18 to Apnl 27, 1927 She was a white, married 
woman of 63 who entered complaining of swelling of her extremities of 10 months’ 
duration, orthopnea, and dyspnea. She had become mentaU> and physically 
sluggish 

Pkysted cxamxnaiton Showed the following abnormalities Appearance was 
typical of myxedema The face and eyes were pufb" and the skm coarse and drv 
The edema did not pit much on pressure. Her sparse hair was fine and dry Her 
tongue was large and her speech thick and dehberate The heart was enlarged to 
the left 

Laboraiory data {before gmng Ikyroxd) Red blood cells awraged 3,700,000 per 
cubic millimeter Nonprotem mtrogen on whole blood 60 mgm. per 100 cc , 
30 mgm. per 100 cc, Wassermann reaction negative Determinations bj Dr 
Arlle V Bock Oxygen capaaty of whole blood 16 0 ^xilumes per cent COj 
content of whole blood at 40 mm. pressure 51.5 flumes per cent. Estimated 
pH of arterial blood 7 50 Blood flow 2 2 liters per minute, XJrme negative 

EUdrocardtogram Normal rh>lhm Small complerea, T inverted (minus 
1 mm. ) On her second admission to the hospital the electrocardiogram was 
normal with Tj plus 2 5 mm 

X ray Heart increased in size to both right and left. Total width 14 1 cm 
Internal diameter of chest 25.5 cm 

Diet The daily diet consisted of Total caloncs, 1420, calones per kilogram 
19, protein per kilogram, 0 81 gram. Diet averaged 100 cc. ^/10 of excess add 
over base m the ash 

Case II Miss Emma F , Massachusetts General Hospital No 282948 Chn 
ical diagnosis exophthalmic goiter She remained in the hospital from April 
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14 to June 5, 1927 The patient was a white, unmamed, Amcncan go\emess of 
28 Dunng the pre\aous nine months she had become progressn eh more ner\'ous 
and had lost 1 7 lbs T or two months, after an attack of larvngitis, she had noticed 
a large appetite, marked tremor, perspiration, palpitation, and a progressn ely 
cnlargmg goiter For one month she had noticed easv fatigabilih and a husk- 
mess of her \ oice wath slight d\ sphagia For two days, stopping five da\ s before 
entrance, she had taken 15 drops of a colorless solution of iodine daiJj 
Physical cvamtnaltoit Showed the followmg abnormalities A large, hard, 
smooth snnmetncal enlargement of the thj roid over which a svstolic thnll and a 
s> stohe and diastolic bruit could be noted There was a definite lid lag The 
heart was large with a rapid rate and a loud sj'stohc murmur, without a thnll, at 
both apex and base The pulse rate remamed above 120 before operation Blood 
pressure was 140/70 

Laborlory data Unne Normal except for traces of sugar in three tests 
Blood morphology' normal except for a relative ly'mphocx'tosis Nonprotem 
nitrogen on whole blood 35 mgm per 100 cc Blood sugar 104 mgm per 100 
cc assermann negative 

X-ray examination showed a normal chest except for a heart increased in size 
both to the nght and left Transverse diameter 13 5 cm Chest diameter 
24 5 cm 

Operation (By Dr Edward Richardson ) A very' large, horseshoe-shaped, 
simmetncal gland was found About two grams of the nght lobe and five grams 
of the left lobe were left behind A small pyramidal lobe was removed 

Pathological report (By Dr H F Hartwell ) The removed tissue weighed 
180 grams No parathyroids were found after careful search Microscopic ex- 
amination showed prohferation of follides and extensive hyperplasia of epithchum 
There was little colloid The stroma con tamed an mcreased amount of fibrous 
tissue and was infiltrated with mononuclear wandering cells 

Course in Hospital Durmg her stay m the hospital she had a temperature of 
102° on the twelfth day after entrance (fourth penod), due to a throat infection 
For seven day's after her operation she had a fever up to 102° — higher for the first 
file dais 

Her basal metabolism and chnical condition, more than a y ear and a half after 
this operation, were normal She appeared completely recovered 

Diet Her diet consisted dailv of the following Total calones, 3000, calones 
per kilogram 45, protem per kilogram, 1 5 gram Diet averaged 81 cc n/ 10 of 
excess aad 01 er base in the ash Water intake was 3000 cc per day 

Care III Mr Wilbam S , ^lassachusetts General Hospital No 281245 
Clinical diagnosis My'ositis ossificans The patient stay ed in the hospital from 
Januan 21 toMarchS, 1927 He was a white,niarned laborer of 45 years Three 
months before entrance he had been hit m the left thigh The leg bad become 
swollen, but he had been able to walk comfortably X-ray examination showed 
a marked deposit of calaum in the muscle 
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Physical examination Showed the following abnormalities On the lower third 
of the left upper leg there was a hard, irregular lump apparentlv attached to the 
soft parts 

Laboratory data Blood morphologj normal Wasscrraann reaction nega 
tive. Basal metabolism Januarj 25, plus 15 per cent, Februar} 1 mmus 6 
per cent Februarj 28, minus 7 per cent Urine negative 

Progress The mj ositis ossificans was unaffected b> the treatment. 

Diet His diet consisted daily of the following Total calories, 2275, calones 
per kilogram 27, protein per kilogram, 0 765 gram Diet averaged 84 cc, \/10 
excess base m the ash Water intake was 2600 cc. per day 
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ERRATA 

VolDUE IX, Febrdaky, 1931 
Article by Barrap and Barron 

Page 57g, line 5 from bottom "(Barrop and Barron (7))” should read “(Banon 

(7))” 

Page SSO, line 11 "(Barrop and Barron (7))” should read “(Bairon (13))” 

Page 587, reference 7 shou’d read “Barron, E S G,BuJl Johns HopVins Hojp 
To be pubhshed The Nature of the Van den Bergh Reaction " Peference 13 
should be added "Barron E S G , Medicine, 1931, x, 77 Bdirablnemia ” 
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(3) and of Givens (4) upon the effect of base and aad on the general 
metabolism tended to minimize vanations m calaum excretion result- 
mg from this factor Subsequently, Goto (5), usmg rabbits, demon- 
strated depletion of the skeleton by repeated doses of hydrochloric 
aad. Iamb and Evvard (6) demonstrated mcreased urmary calcium 
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excretion in pigs folloiving the administration of mineral aad, but not 
after feeding oxidizable organic acids Shohl and Sato (7) showed 
that the feedmg of hydrochlonc aad decreased the storage of calaum 
by growing children, and demonstrated the reverse effect of sodium 
bicarbonate These effects w-ere also noted by Zucker (8) 

The fate of inorganic aad m animals has been followed by Fiske 
and Sokhey (9) and by Fiske and other collaborators (10) Stehle 
and McCarty (11) extended the former’s work on ingested hydro- 
chlonc aad to man Bogert and Kirkpatnck (12) specifically studied 
the effect of acid-forming and base-forrmng diets upon calaum metab- 
olism m man, but their interesting experiments were confused by lack 
of constant calaum mtake throughout All of these mvestigators 
found that an increase m calcium excretion followed administration of 
excess aad 

Less importance has been attached to endogenous aad metabolites 
Nevertheless, Nelson (13) has pomted out the effect of ketogenic diets 
on calaum metabolism Her results confirm the earher work of 
Saw’yer, Baumann, and Stevens (14) on the effects of ketosis These 
studies, together with an mvestigation on the morgamc salt metab- 
ohsm m diabetic acidosis (15), have furnished ample evidence that acid 
metabolites, which arise from body tissues, are likewise important in 
regulating or mfluencmg calaum exaction The classical work of 
Benedict (16) on subject L, durmg the latter’s thirty-one-day fast, 
has already been mentioned from this pomt of view (17) 

The influence of vanous hormones upon calaum metabolism has 
already engaged the attention of those interested m this field, but the 
mechanism by which the mmute amounts of these substances produce 
their specific effects upon bone metabolism remams to be solved The 
same is true of (exogenous) accessory food substances It is very 
important, therefore, m ^^ew of the gross changes in body tissues which 
these speafic chemical regulators produce, to imderstand the effect 
which endogenous aad catabolites may exhibit The excessive break- 
down of protein in h>'perth>TOidism is a case m point 

In order to establish the quantitative significance of this factor, it 
was first necessary to detemune the basal level of endogenous calaum 
metabohsm m each (human) subject studied while taking a low calaum 
diet Thereafter, aad- or alkali-produong substances could be added 
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and their effects noted as superimposed upon the basal stream of 
calaum excretion 

In this work little stress will be laid upon the calaum and phos- 
phorus content of the blood serum because these values showed httle 
effect resulting from change m diet. The height of these levels, in 
normal subjects at least, had essentially no influence upon the calaum 
stream Much more emphasis has been placed upon the excretion of 
aad in the unne because a consideration of this value (or of its com- 
ponents) offers one of the best gmdes to a quantitative mterpretation 
of calaum balances This is the more important because, as will be 
demonstrated, the excretion of fecal calaum has remamed essentially 
constant despite the various dietary changes upon which these experi- 
ments are based, wherefore it may be concluded that vanations of 
bowel activity mcludmg mcreased excretion of calaum or defiaent 
assunilation (such as have been reported m studies on nckets or m 
ergosterol feeding) may be neglected m this work 

EXPEEHIENTAE PEOCEDUEE AND METHODS 

The general procedure was essentially that descnbed m a former 
paper (18) Most of the patients were given a constant diet low in 
calaum (about 100 mgm daily) and moderately low m phosphorus, 
but adequate with respect to other morgamc salts, fat, carbohydrates, 
protem, total calones, and vitamms (18) In one patient, the effects 
of aad administration were observed first on this low calaum diet and 
then on a diet contaming about 700 mgm Ca per day, which was 
suffiaent to give a definite positive calaum balance In all cases on a 
given diet the same articles of food were taken each day so that what- 
ever errors m calculation might exist would remam as nearly constant 
as possible throughout The basal diet was so constituted as to give a 
neutral morgamc residuum when oxidised, — such a diet bemg de- 
scnbed as a potentially neutral diet Except m experiments m which 
the effect of an aad diet was studied, the same potentially neutral diet 
was used throughout the whole penod of observation of each patient 

Although by calculation these diets were potentially neutral, never- 
theless, m all cases the patients excreted an appreciable amount of 
“total acid” as judged by ammonia and titratable aadity of the 
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urine The “total acid”- output was highest in a patient hose stools 
AS ere ver>' large, due to deranged fat absorption and it was found that 
the titra table alkalinity of the fecal ash (which probably neutralized 
fatty aads in large measure) was about equal to the ammonia plus 
titratable acidity of the urine For different persons on the same t>'pe 
of neutral diet there was considerable vanation in the “total acid” 
output of the unne It is probable that for a given diet this “total 
acid” output vanes with the amount of excess alkali m the fecal ash 
From the point of view of acid-base metabolism, the potential acid 
effect of the diet m a given case can be gauged qualitatively by relative 
changes m the “total acid” output of the urine Accordingly, the 
ammonia and titratable acidity of the unne w^ere measured daily in all 
subjects studied 

Specimens for general purposes W'ere collected and mixed in three- 
day penods as desenbed elsew'here (IS) Care was taken to obtain 
stools regularly and constipation w’as prevented by frequent small 
doses of cascara In many cases the stools w^ere approximately equal 
m Avcight and inorganic constituents Occasionally, how ever, a very 
large stool in one period followed an unusually small one for the 
preceding penod and it was obvious that there had been a delay in 
evacuation In one mstance (BE-Case RO a definite constipation 
wath small hard stools persisted for about three periods in which fecal 
inorganic content, mcludmg calcium, was verj’^ low In the succeed- 
ing penods there w as no unusually large fecal excretion of calcium or 
other inorganic salts, thus indicatmg that there had been an increased 
absorption from the large bowel It w as also noticed in some other 
cases, not reported in this paper, that the calcium content of the 
feces tended to be higher on changing to a diet with great fecal residue 
and lower when residue was small Except in the mstance already 
noted, these factors were well controlled during this investigation 

XtETHODS 

All determinations were done m dupheate and repeated if satisfac- 
torA checks were not obtained The methods used for titratable 

-Throughout this papier the term “total aad’’ output refers to the sum of 
ammonia plus Utratable aaditA m the urmc The term “titratable aaditA means 
the titratable aadiU mmus COj as described m Papier \TII of this senes, J Chn 
Invest , 1931, x, 1S7 
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aadity, ammonia, phosphorus, chloride, and total base were those of 
Henderson and Palmer, Folm, Fiske and Subbarow, Van Slyke, and 
Fiske respectively, with certam minor modifications as fomerly 
described (18) Calaum detenmnations m blood, uiine, and feces 
were made by Fiske’s method (19) This method has proven most 
satisfactory under all conditions The duplicates seldom varied as 
much as 2 per cent and the calaum could be repreapitated and 
redetemuned with nearly identical results Inorgamc sulphate only 
was determined (Tables 1, 2 and 3) by Fiske’s benzidine method 

experhients and results 

The first experiments were planned to show the relative effects of 
mgestion of (1) a potentially aad diet, (2) varymg quantities of 
alkah and (3) varymg amounts of NHjCl on the calaum and phos 
phorus metabolism In some mstances dietary changes were made 
after too short an mterval as we had not at that time realized the 
necessity of longer control penods and of the length of time required 
before a steady state could be established The general plan m the 
first three cases was very similar and they are, therefore, presented 
together 

Case I (AN, aged 16, waghing 34 kilos) suffered from a marked structural 
scoliosis After a 15 day control penod on a neutral, low caldum diet and prior to 
operative mterference he was placed at complete rest m a plaster shell for several 
weeks Two penods were allowed for control m this state of inactivity, foUowmg 
which the diet was changed to one of about 700 cc. N/10 potential aadltv per day 
for three periods, then while still at rest and on the former neutral control diet, 
the effect of mgestion of NHiCl and NaHCOj was observed Six months after 
a spinal fusion for correction of his deformity he was readmitted and the effect of 
ingested NHiCl once more observed. 

Cose II (DA), aged 37, weighmg 58 kflos, and Case III (ST), aged 46, welghmg 
51 kilos, were both recovermg from leadpoisonmg A similar senes of experiments 
were made as on AN, the details and results of which arc presented in tables 2 and 3 

Later the effect of graded doses of NHja was observed for longer mtervals, 
first on a low and then on a higher calaum diet on a patient, (BE) aged 58, wagh 
Ing 55 kilos, who suffered from chrome sciatic neuntls Results are presented m 
table 4 

All these patients cooperated wilhngly, took the diet cheerfully and 
completely and seemed happy throughout the observation 
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EFFECT or ACED-PRODUCIXG SEBSTAKCES 
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EFFECT OF ACID-PRODUCING SUBSTANCES 



Fig 1 CAincii Excretion pef TitREE-DA\ Period 

Calaum eicretions per tiirce-da\ i>cnod are di\aded into fecal and unnarj 
components The calaum mtake, as shonm, remains ncarh constant The 
potential aadit} of the ingesta (mduding both food and medication) is indicated 
at the top of the figure. 
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COMMENT 

On ingestion of a potentially aad diet or of NH^Cl there was m all 
cases a prompt though gradual increase m the excretion of calaum m 
the urme, which reached a maximum usually m the second or third 
penod and then remamed at this high level for the whole duration of 
aad admmistration In the after-penods the urme calaum fell 
gradually, reqmrmg from 6 to 9 days to return to the basal level It 
was notable that under the conditions of these experiments the fecal 
calaum remained remarkably constant, showmg no appreaable change 
even when the calaum content of the urme was maeased tenfold 
The effect of mgestion of an aad diet was essentially similar to that 
of mgested morgamc aad, subject to certam modifications Smce 
the protem of the food contnbutes much to the excess aad of this diet, 
the “aad effect” depiends m large measure on the mtrogen balance In 
the case of DA (Case 11, penods IV, V, and VI) for mstance, on the 
aad diet there was a gross positive mtrogen balance and the aad effect 
as judged by the “total aad” excretion of the urme was correspond- 
mgly lessened His urmary calaum exaction, accordingly, did not 
maease on mgestion of this diet to the same extent as did that of AN 
and ST, who utihxed most of the protem fed as fuel It may be noted, 

however, that m none of the three was the acid effect of the diet, as 
judged by the ammonia plus titratable aadity of the urine, qmte as 
great as calculated The response of the urmary calaum to the aad 
diet and administration of NH4CI m AN, (Case I) is graphically 
represented m figure 1 This shows clearly the great maease that 
occurred m response to both types of aad admmistration 
That the effect of the aad diet was not due to any specific influence 
of the greater protem content apart from its potential aad value has 
been demonstrated by other experiments (20) m which it was shown 
that when siiffiaent NaHCOj was administered to neutrahxe the 
aad effects of a high protem diet, no mcreased exaction of calaum 
occurred Only about one fourth of the calculated excess aad m 
these diets was due to an mcreased phosphorus content 

The quaniUaitve response to actd mgestion 

There are some mtaestmg observations with regard to the actual 
quantitative mcrease m calaum excretion m response to the mgestion 

\ 
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EFTECT OF ACm-PRODUCIXG SUBSTANCES 


TABLE S 

Response of iinrar\ calcium excretion to ingestion of NII4CI* 




Calcium In urine 


Ba 5 al 
calciam 
excretion 
in unne 

4 grams \HiCl 

6 grami JvHiCl 

12 grams NHiCI 

Case 

Cakium 

In 

unne 

Increase 

ovtr 

ba«al 

calaum 

acre 

Hon 

Calaum 

In 

unne 

Increase 

o\ef 

basal 

cakium 

acre 

tion 

Calcium 

in 

urine 

Increase 

OVTf 

basal 

calcium 

acre 

lion 

An — Case I 

1st admission, weight 34 kilos 
2nd adrmssion (retaining cal- 
cium), weight 36 kilos 

crams 

0 258 

0 052 

crams 

p^ctnt 


ftreeni 

450 

473 

crams 

per cent 

BE— Case IV 

Weight 55 kilos, low calnum 
diet 

Higher calcium diet 

0 152 

0 246 

0 449 

295 


418 

417 



D \ — Case U, weight 58 kilos 

0 095 

0 205 

216 ! 

1 ' 



I 0 726 

764 

ST — Case III, weight 51 kilos 

0 085 





1 126 

1,325 


[ Ammonia In unne 

1 . 


Control 

4 grams NHiCl 

6 grams KHiCI 

12 grams NH«C 1 

AX — Case 1 

1st admission 

2nd admission 

« hi to 

1,166 

526 

cc h/IO 

« A /to 

3,982t 

2,637t 

cc h/lO 

BF — Case H 

Low calcium diet 

High calaum diet 

471 

357 

1,995 

2,882 

2,922 



DA — Case II 

550 

1,344 



4,787 


ST— Casein 

439 





6,141 



• TransiUonal penod omitted m mat mg calculations 

t On this first admission, there ■was an actual os erproduction of ammonia so that the 
unne vras altnlinc throughouL The corresponding values for “total acid" excretion are 
3,MS and 3,290 respectivel> 
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of acid For instance, on the first admission of AN (Case I, scohosis) 
the unnary calaum was moderately high, there was a negative 
calaum balance and on mgesbon of 6 grams of NHiCl per day the 
unnary calcium mcreased fourfold till it was over 1 gram per penod 
On his second admission, 6 months after an orthopedic operation, the 
unnary calaum was low and even on the low calaum mtake there was 
a definite positive calaum balance The calaum metabolism m short 
was essentially hke that of a growmg child On daily mgestion agam 
of 6 grams of NTT ,01 the “total acid” of the unne maeased to about 
the same level as on the former adimssion The calaum output m 
the unne, however, although it mcreased fourfold did not exceed 0 25 
gram and was m fact about the same as that of the basal penods of his 
first admission It seems probable that, under the altered metabohc 
conditions foUowmg the spmal fusion but on the same calaum intake, 
his body was retaining more calaum and allowmg only a small amount 
to be discharged m the outflowmg stream Yet, it is mteresting that 
the same amount of NH,C1 in the two instances gave nse to about the 
same proportionate mcrease of unnary calaum. 

In lookmg over the rest of the data of different “normal” subjects 
from this point of view, it appears that although there was a great 
difference m the basal level of unnary calaum exaction and also great 
vanation m the amount of extra calaum exacted m response to a 
given dose of NI1,C1, yet m each case the maease m the output of 
calaum was roughly proportional to the mitial basal level and to the 
amount of NH 4 CI ingested This is well shown by data collected m 
table 5 

Thus, m BE (Case IV) on ingestion of 6 grams of NHiCl daily the 
unnary calaum was 0 635 gram on a low calaum diet, (penods YTTT 
and XIV), and 1 03 gram on a high calaum diet (penods XVI and 
XVH) This represents an maease of about 400 per cent above the 
control level for the correspondmg diet m each instance This propor- 
tionate maease is of essentially similar magmtude to that which 
occurred m AN on each admission m response to the same amount of 
NIECl The response to 4 grams NH 4 CI m DA (Case 11, penods 
Xn and XI IT) was a 216 per cent mcrease m urmary calaum, and m 
BE (Case TV, penods VIU-XI) a 295 pa cent maease aTthough m 
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EFFECT OF ACrD-PRODUCIKG SUBSTANCES 


BE the actual increase m grams of calaum in the unne was more 
than double that which occurred in DA 
In figure 2, the relation of the percentage increase of calcium 
excreted in the unne to the amount of NH^Cl ingested per kilo is 
graphically represented This series of points approaches the form 
of a smoothjcurx'e 



Gm NH4CI per Kilo 

Fig 2 The Effect of Ainioxiuji Chloride t^GESTiovra>ovUEixAiii 
Calcxuh Excretiov 

The increase m unnarj calaum excretion over the basal level is expressed as a 
percentage. The corresponding amounts of ammomum chlonde fed are given in 
milbgrams per kilo of bod\ waght 

It may be that the factors tendmg to mcrease calcium e.xcretion as 
a result of ingestion of NHiCl are limited by the factors already reg- 
ulating the unnarx' output of calcium The result, therefore, might 
be V lewed as a proportionate increase of the outflowing stream, rather 
than as a quantitatne response in calcium excretion to a definite 
amount of aad ingested 
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The rSle of (he increased calctum excrelw/t iff neutralising excess actd 

ingested 

Although the ingestion of excess aad has a pronounced effect on the 
uimary calaum excretion and on the calaum balance, nevertheless, 



B Loat psriod on exceaa acjd diet ClOO 
C Loot ponodlt”^ on neutml dj#t+rL5£ CJlft Acid (NH^O) 

C, Lost pcnod2'**)on neutral diet-t 3330 LCft Acid (NH<CI) 

0 Loot penodlt"^ on neutral diet+OTOO C.CtS Acid (NH«C0 

Fio 3 The Eptect or Acid Diets and Acid Salts upon the Aod and Calcidii 
Excketion in the Ukine 

the increased calaum of the unne pla3iB but a small part m neutralizing 
the excess aad eliminated There is, on the other hand, a great 
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EFFECT OF \CID-PRODUCIKG SOBSTAKCES 


increase in the aminonia, which bears the brunt of the burden, and 
usual!} a ver} definite increase in the titratable acidity of the unne 
The relation of the total calcium output in the urine to the sum of the 
ammonia and titratable acidity, in the vanous obseiwations on our 
first three patients is represented in figure 3 From a glance at this 
chart it IS obvious that the proportion of calcium to the ammonia and 
titratable acidity is small Even m acidosis when, as in DA, (column 
D), the plasma CO; combining power had fallen to 32 volumes per 
cent, the greatly increased calcium output of the unne was relatively 
insignificant w'hen compared with the extent of the ammonia and 
titratable acidity hloreover, in our cases, (e g , BE Case IV, periods 
IX-XI, XW) the increase in ammonia and titratable acidity m 
response to ingestion of NH<CI soon reached a value that was almost 
equal to that of the total excess acid ingested 

E\en if all the calcium excreted could act as alkali, its role m 
neutralizing acid w'ould be relatively insignificant It is probable, 
however, that some of the extra calcium, w'hen excreted, is accom- 
panied by acid radicles wnth which it was associated in the body stores 
whence it originated, w'hether from soft tissue or from bone This 
consideration would tend further to minimize the availability of 
calcium as a reserve alkali 

It may further be pointed out that when a neutral diet of higher 
calcium content w^as taken with the simultaneous ingestion of 6 grams 
of XIECI per day, as in BE (Case IV, penods XV-XVII) the greatly 
increased amount of calaum m the unne failed to reduce the excretion 
of unnary ammonia 

Our results, showing the small part played by calcium m neutral- 
izing excess acid of the unne, arc sumlar to those obtained by Gamble, 
Ross, and Tisdall (21) in fasting children 

T/rc relation of the increased calcium excretion to the acidity of the unne 

and ammonia production 

The “total acid” excretion of AX (Case I) was unusual in that so 
much ammonia was produced that the unne remained alkaline in 
reaction c\en when large amounts of excess aad were mgested In 
spite of the fact that the unne remamed alkaline, great increases in 
unnarx calcium excretion followed upon mgestion of aad diets and of 
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NHiCl The calcium excretion, m fact, seemed to vary with the total 
amount of excess aad eliminated, and espeaally with the amount of 
ammoma excreted, irrespective of the reaction of the unne This 
pecuhar overproduction of ammoma is discussed at greater length m 
another paper (22) 

In response to mgestion of excess aad except m the case of aad 
phosphate, ammoma production played a much greater r61e than did 
mcreased titratable aadity of the urme Ammoma production m- 
creased promptly but gradually as did the calaum of the unne, re- 
mamed high throughout the penod of aad mgestion, and like the 
calaum fell off gradually m the after penod The titratable aadity 
on the other hand usually mcreased to its maximum more rapidly than 
did ather ammonia or calaum and on discontmumg administration of 
excess aads it fell off abruptly to levels below those of the control 
penod The mgestion of aad phosphate, however, caused a great 
maease m titratable aadity of the unne but no appreciable effect on 
either ammonia or calaum (20) 

It IS probable that increased ammonia production and mcreased 
urmary calaum excretion are separate responses to a common cause 
and not directly interdependent. Both are greatest when as m the 
cases of DA (Case n, penods XIV and XV) and ST (Case ITT , penods 
Xn and Xlll) there is a defimte aadosis with low plasma COj 
Nather are matenally affected by mgestion of NaHjPOt, which (bemg 
readily excreted m an and unne) places httle stnun on the mechanism 
that regulates the aad base balance 

The exertion of calcium and fixed base 

In response to administration of large doses of NII4CI (e g ST, 
Case m, penods Xl-XHt) there is a prompt rise m the excretion of 
total fixed base m the unne, which in our cases was maximal m the 
first penod of mcreased aad administration This mcrease m excre- 
tion of total fixed base is associated with a rapid loss of body waght 
(water and electrolytes) which has been well discussed by Gamble, 
Blackfan and Hamilton (23) There is thus seen to be a very great 
difference between the response in total fixed base exaetion and m that 
of calaum The output of total fixed base rises rapidly with the inihnl 
diuresis and loss of weight and then falls toward its former level 
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Immediately on cessation of ivH^Cl the excretion of fixed base falls 
tcmporanly to much beloi\ that of the control periods iihile the bod\ 
retains ater and gams in eight The calaum excretion, on the other 
hand, nses gradually in response to ingestion of aad, requmng a fci\ 
days to reach its maximal level at which it remains while excess acid is 
administered, then falls off slowly, taking several days to return to the 
control level 

That the amount of calcium of lost body fluids was quite insufficient 
to account for extra calcium elumnated in fasting children v\as shown 
by Gamble (21) Similarly, in our cases the calcium of the body 
fluids lost m diuresis is msignificant when compared with total extra 
excretion of calcium in the urine Aloreover, as just noted, the 
diuresis w as over before the calcium excretion reached its maximum 
and m the after-penod there was no compensatory retention of 
calcium 

The effect of ingestion of NEiCl on the nitrogen metabolism 

In most of our subjects the ingestion of NH4CI resulted in a greater 
increase in the nitrogen of the urine than could be accounted for by the 
increased intake This w'as associated with an mcrease in excretion 
of inorganic sulphate In the after penods there was usually some 
nitrogen retention This increased output of nitrogen was not always 
associated wath a loss of body weight It is obvious that nitrogen, 
admmistercd as a potentially acid ammonium salt does not spare 
protein metabolism, but actually results in loss of nitrogen, probably 
from the deposit nitrogen of the orgamsm 

The relation of the calcium and phosphorus balances 

In all cases, when the excretion of calcium was greatly increased 
there was also a definitely mcrcased output of phosphorus when an 
appreciable amount of calcium was retained, phosphorus was also 
retained If one calculates the phosphorus equivalent of the extra 
calcium excretion on the basis of the proportion of calcium to phos- 
phorus in bone (2 3 1) and adds to this figure that of the phosphorus 
equivalent of the extra nitrogen excretion (-f or — ) denved from the 
proportion of nitrogen to phosphorus in protein (17 4 1) the result is 
near that actuallv found for increased phosphorus excretion In 
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Other words, the phosphorus balance vanes with the phosphorus 
equivalents of the calaum and nitrogen balances (24, 25) The onlv 
notable departure from this generalization was that on administration 
of large amounts of acid, (e g DA Case II, periods XIV and XV) 
there was, at the time of the diuresis and loss of weight, a prompt 
mcrease in the phosphorus of the unne out of proportion to the 
change m the excretion of calaum and mtrogen In the after-penod 
there was a sunilar retention of phosphorus so that while the calaum 
excretion remamed above basal levels for several days after the last 
dose of NEbCl, the phosphorus of the unne dropped promptly to less 
than that of the control penods The final net balance, justifies the 
onginal statement. 

The e£ecl of ingestton of excess alkalt 

It was found impossible to devise a palatable low calaum diet that 
had a large potential aUmlmity Accordingly, varying amounts of 
sodium bicarbonate and sodium atrate were fed in order to observe 
the effect of ingestion of excess alkali on the excretion of calaum and 
phosphorus In Case I the mgestion of 9 grams of NaHCO, and 6 
grams of sodium atrate per day produced no effect on the calaum 
content of either unne or stools In Case n there was possibly a shght 
mcrease and m Case lU a defimte shght maease m unnary calaum, 
but no mcrease m the calaum of the feces, when very large amounts of 
alkah (12 grams of NaHCOj and 12 grams sodium atrate daily) were 
taken In no instance, however, did ingestion of excess alkali have 
any important effect on the calaum or phosphorus balance. 

Serum values 

It has been found that when blood is taken from normal, fasting 
individuals the serum calaum may remam remarkably constant over 
considerable penods of time, the serum phosphorus bemg slightly more 
vanable (26) In this investigation also, there was very httle change 
in the levels of serum calaum and phosphorus In some patients, how- 
ever, (DA, Case 11, penod XV, ST, Case III, period XTTT ), who had 
been for a long time on a low calaum diet, the administration of large 
amounts of NHiCl seemed to cause a defimte fall m both the calcium 
and morgamc phosphorus of the fasting blood The serum protein 
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changed relatively little but the COi content of the plasma fell 
defimtely after mgesbon of 4 to 6 grams of NHjCl and markedly after 
mgesbon of larger amounts of NH4CI It is to be noted that the great 
mcrease m calaum excrebon, which occurred on mgesbon of large 
amounts of NH4CI, was not assoaated with an mcrease m the serum 
calaum level 


Effect of ketogentc diet 

The calcium and phosphorus excrebon was followed m LN (Case V), 
a child of 7 years of age, who was given a ketogemc diet for the treat- 
ment of epilepsy by Dr Harold Higgins The diet throughout was 
approximately neutral and was well taken by the child, who was happy 
and cooperated wilhngly Results are presented m table 6 
As the rabo of fat to carbohydrate and protem m the diet was 
increased, there developed a marked ketosis and an imbal loss of 
waght (due to loss of body water) With this aadosis there was an 
mcrease m the urme calaum excrebon so that the calaum balance 
changed from bemg defimtely posibve to disbnctly negabve The 
phosphorus balance also became negabve These results are sunilar 
to those reported by Nelson (13) and by Sawyer, Baumann and 
Stevens (14) 

The effect of ingestion of excess acid when the serum calaum ts 
abnormally low 

All the results discussed so far were obtamed on subjects believed 
to have an essenbaUy normal calcium metabolism In the course of 
our mvesbgabon there arose an opportumty of studymg the effect of 
similar measures m a patient with an abnormally low serum calcium 
Mrs DB, age 27, weight 43 kilos, had suffered for four years from 
tetany associated with deranged fat absorpbon. Her history and the 
detailed results of the mvesbgabon are descnbed m another paper (27) 
In table 7 are presented data showmg the average values for groups 
of penods m which she was given first a low calaum, then a higher 
calaum diet, and, while on the higher calaum diet, 4 grams NH4CI, 6 
grams NHiCl, and 9 grams CaCli daily, respecbvely On the low 
calaum diet the calaum exaefegn m the urme was exceedmgly small — 
so httle m fact that it could scarcely be measured, nor did it rise on 
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ingestion of higher calaum diet, NHiCl or CaCli The fecal calaum 
on the other hand was unusually high so that for most of the time 
there was a negative calaum balance The proportion of phosphorus 
excreted m the urme was withm normal limits Assoaated with the 
negative calaum balance there was a negative phosphorus balance 
Although mgesbon of potential aad resulted m great mcrease in 
ammoma production, yet m contrast to those cases with normal serum 
calaum the urmary calaum output was not maeased even when the 
serum calaum rose from about 5 to about 7 mgm there was no change 
m the urmary excretion That the low calaum excretion of this 
patient was not entirely dependent otfthe low serum calaum is shown 
by observations previously made (27) on a case of postoperative 
tetany, m which administration of NH 4 Q resulted in a distmct mcrease 
of calcium m the urme In the postopierative patient, however, the 
mibal urmary calaum was much higher and presumably body stores 
were much greater In our patient the factors limitmg urmary 
calaum excretion were such that the calaum excretion was too httle 
to be measured with accuracy 


SUMMAKY 

The effect of large vanabon m the aad base balance as brought 
about by mgesbon of ammomum chlonde, sodium bicarbonate and 
sodium abate and of potentially aad and ketogemc diets, has been 
studied m a number of pabents on a fixed low-calaum diet and m one 
pabent receivmg a higher calaum diet 
The calaum excrebon was found to vary with the total excess aad 
eliminated and more parbcularly with the output of ammoma, and 
appeared to be mdependent of the reaction of the urme 
The quanbtabve mcrease m calaum excrebon m response to m- 
gesbon of aad was greaby influenced by the basal level of calaum 
excretion as well as by the amount of excess aad mgested 
The mcreased calaum excreted played a very small r61e m balanong 
excess aad output, even though the calaum of the urme was mcreased 
many tunes above the basal level 

Calaum ehminabon was only slightly affected by large doses of 
alkah 
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On lo^\ -calcium diet the fecal calcium remained nearly constant 
despite great changes in the potential aciditj of the diet 
In one patient with steatorrheic tctan} and persistentl} low serum 
calaum, administration of higher calcium diet, NH 4 CI and CaCl:, 
failed to cause an increased output of calcium in the unnc 
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STUDIES OF CALCIUM AND PHOSPHORUS METABOLISM 
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Most of the calaum of the body is found combined with phosphate 
m the skeleton but phosphorus in one form or another is present m 
relatively large quantities m all body tissue. Any gross change in 
calaum metabolism must of necessity affect the phosphorus output 
It might be possible, however, for considerable changes to occur m 
phosphorus metabohsm without any great effect on the calaum 
balance 

In the metabohsm of bone the two elements are closely assoaated 
and under certam abnormal conditions their mutual interdependence 
IS strikingly demonstrated It has been clearly shown, for instance, 
(1, 2, 3, 4, S, 6) that in growmg animals the ratio of these two elements 
m the diet is of the greatest importance and that m the absence of the 
controlhng influence of vitamin D any great dejmrture from the 
optimal relationship of calaum and phosphorus in the food results m 
the development of nckets In the rachitic child or rat, also, Karehtz 
and Shohl (7) and Shohl and Brown (8) found that the ingestion of 
added phosphate brought on tetany with the characteristic faU in 
serum calaum and nse in serum phosphorus 

It IS weU known that m many conditions there is a d efini te relation- 
ship between the values for calaum and phosphorus in the serum • In 

* Aided m part by a grant from the Lead Fund of Harvard University 

' Alexander MePhedran Research Fellowahip m Clinical Medicine, Umveraity 
of Toronto 

• The term “serum phosphorus” is used with reference to serum inorganic 
phosphorus throughout this paper 
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EFFECT OF IXGESTIOK OF FHOSPIEVTES 


tetany, \\hetlicr infantile, idiopathic, or after parath>roidcctom\, the 
lo-a scrum calcium is almost always assoaated ^\lth a high scrum 
phosphorus A similar relationship was found to exist in terminal 
ncphntis b> Marriott and Howland (9), DeWesselow (10), and others 
In hj'perparath} roidism, on the other hand, whether induced In in- 
jections of parathyroid extract or present as a pathological state 
(11, 12, 13, 14 15), the scrum calcium is high and the scrum phosphorus 
low In those conditions charactenzed by low scrum calcium and high 
serum phosphorus the excretion of calcium in the unne tends to be 
diminished AMicn, on the other hand, the scrum calcium is high and 
serum phosphorus low , the excretion of both in the urine is increased 

In exophthalmic goiter, Aub, Bauer, Heath, and Ropes (16) found 
associated with a greatly increased unnary excretion of calcium and 
nitrogen a corresponding increase in the phosphorus excretion The 
conxerse was found to be true of m>w.cdema In neither case were 
scrum levels changed appreciably 

It was first observed by Bingcr (17) that in dogs the injection of 
large amoimts of neutral phosphate caused a marked lowering of the 
scrum calcium with the development of tetany Tisdall (18) obtained 
similar results and Sahesen, Hastings, and jMcIntosh (19) found that 
ingestion of xery large quantities of inorganic phosphate, x\hcthcr acid 
or basic, had the same effect Injection of phosphate in dogs was 
found by Grecnwald and Gross (20) to cause an increased excretion of 
calaum which persisted for scx’cral days Ingestion of excess phos- 
phorus in children has also been found to result in an increased loss of 
calcium in the feces (21) 

Mthough such close relationship has been found in the metabolism 
of calaum and phosphorus, no careful studies hax e been made of the 
influence of changes in the phosphorus intake on the calcium metab- 
olism of human adults The effects noted aboxe, of injection or 
ingestion of phosphate, were produced in dogs by tremendous quantities 
which were far in excess of any physiological xanation m the phos- 
phorus intake The purpose of the present inxestigation was to study 
the effect of great xanations in the ingestion of phosphorus on the 
calcium balance of adults x\ho had no disorder likely to affect the 
inorganic salt metabobsm Experiments were planned to differentiate 
clearly the influence of the phosphate radicle itself from that of the 
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aad or basic properties of its various salts as well as from any possible 
effect of an mcreased mtrogen metabobsm when the phosphorus 
mtake was increased by feeding a high protem diet. 

EXPERmENTAL PltOCEDDRE 

Most of the patients were given a control diet low in calaum and 
phosphorus but adequate with respect to other morgamc salts, vitarmns, 
fat, carbohydrate, protem, and total calonc content, as descnbed in a 
former paper (22) This control diet was so constituted as to give a 
neutral morgamc residuum when oiadizcd When there was of 
necessity an excess mtake of aad radicles, as in a high protem diet, the 
aad effect was controlled by the administration of an appropriate 
amount of sodium bicarbonate with each meal Urme and stools 
were collected and prepared m three-day penods, as formerlj descnbed 
(22), the specimens for the first three days bemg discarded. When- 
ever possible a further mne days was allowed for an mitial observation 
penod, mne da)rs for testmg each change m regimen, and an after 
penod of tune days for return to equihbnum before another change 
was instituted 


METHODS 

Calaum determmations were made by Fiske's method (23) This 
method has been found to be thoroughly dependable and more ac- 
curate than methods previously used, espeaally under conditions when 
large amounts of phosphate are excreted Inorgamc phosphorus, 
urmary ammonia, titratable aadity of the unne, and total base, were 
done by the methods of Fiske and Subbarow, Fohn, Henderson and 
Palmer, and Fiske, respectively, under conditions or mmor alterations 
as previously descnbed (22) 

EXPERIMENTS AND RESULTS 
The effect of large doses of acid sodium phosphate 

WN, a mamed woman of thirty four years of age, suffenng from 
chrome atrophic arthntis, was given throughout the whole penod of 
observation the same basal diet low m calaum and phosphorus, and 
potentially neutral After a mne-day control penod IS grams of 
NaHjPOi 2HiO was given daily for aght days Observations were 
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continued for another nine day after-penod Early m the after penod 
the patient had an acute upper respiratory infection with a fever of 
102° This condition, however, subsided quickly without having any 
obvious effect on the excretion of either calaum or phosphorus It 
had previously been shown that chronic fevers (16) faded to alter 
matenaUy the calaum and phosphorus metabolism The residts are 
given m table 1 

It IS quite clear that the ingestion of acid sodium phosphate, m sqch 
quantity that the phosphorus mtake was mcreased to more than five 
times that of the control diet, had no appreaable effect on the excre- 
tion of calaum m ather unne or feces The average negative calaum 
balances for the uutial control penods, the penods of administration 
of aad phosphate, and the final control pienods were —0 50, —0 53, and 
—0 60 grams respectively It is to be noted also that the increase m 
the titratable aadity of the unne m response to the mgesbon of aad 
phosphate was much greater than that of the unnary ammoma. Even 
the shght mcrease m the ammoma excretion that occurred m this 
patient on the mgestion of aad phoqihate is unusual It is difficult 
to explam the further rise m ammoma excretion dunng the after-penod, 
unless It be m some way assoaated with the acute infection from which 
the patient suffered m penod VII It is obviously not related to an 
mcreased phosphorus excretion 

Comparison of efects of ingestion of equal amounts of phosphorus as acid 
and as basic phosphate 

In order to distmgmsh between the effect of the phosphate radicle 
and that of the aad or basic quahties of its salts, a patient, whde mam- 
tamed on a constant control diet low m calaum and potentially neutral, 
was given at appropnate mtervals about 2 3 grams of phosphorus 
daily, first as NajUPOi and then as NaHjPOi RN, a woman of 
thirty nmc years of age, weighmg fifty-six kilos, had suffered from 
rheumatic heart disease (nutral stenosis), chrome bronchitis, and 
bronchial asthma Dunng the penod of observation, and for some 
tune before, however, she had no cough, her chest was clear, and there 
were no signs of myocardial failure She was comfortable and looked 
well In penod X, while receivmg aad phosphate, she had some 
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diarrhea but it ceased after a day or two Results are presented m 
table 2 

Again, it can be seen that the ingestion of large doses of phosphate, 
aad or basic, had no appreaable effect on the excretion of calaum m 
either tirine or stool When the disodium salt was fed the unne became 
alkahne and the ammonia excretion fell off but the excretion of calaum 
remained withm the limits found m the imtial control penods On 
admuustration of aad phosphate the titratable aadity of the unne rose 
greatlj while the ammoma and calaum excretion remained at basal 
levels In both cases, e\ en when there was diarrhea, the great bulk of 
the phosphate was absorbed and the unnary phosphorus was always 
much greater than the fecal phosphorus There was also a marked 
retention of phosphorus 

The acid ejects of NaEtPOi 

In studymg the influence of mgestion of vanous types of aad-yieldmg 
substances on the calaum and phosphorus metabohsm, approximately 
equal amounts of “potential aad” were fed at appropnate mtervals, 
first in the form of foodstuffs, then as NBUCl, and later as NaHjPOi, 
to a patient, DA, who was recovenng from chronic lead poisoning 
He was thirty-seven years of age, weighed thirty-eight kilos, was 
comfortable, and took his food well and willingly throughout the whole 
penod of observation The calaum intake was constant and, except 
dunng the penod when an aad diet was given, the same constant 
neutral low calcium diet was taken throughout Results are presented 
m table 3 

The sum of the ammoma excretion and titratable aadity of the 
unne is considered here, as in our other work, to give the best mdica- 
tion of the potential aad value of the ingested food or medication In 
this experiment approximately equal values for this "total aad” of 
the unne were obtamed dunng the ingestion of an aad diet, on ad 
mmistration of 4 grams of NH4CI daily, and on admimstration of 
2 66 grams of phosphorus m the form of NaHJ’Oj daily After the 
pehods m which he recaved 4 grams NHiCl daily the dose was in- 
creased to 12 grams per day for two more penods In response to this 
large amount of aad ingested there was a very great production of 
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ammonia,^ and this high lc\cl of ammonia excretion persisted on into 
the after-control penod and unfortunateU had not xct reached a 
steadx state ^\hcn the acid phosphate was gix en nine daxs later The 
nature of the response to NaH:PO« is, ne\ erthcless clear 

The difiierent tx-pcs of acid administered proxoked a distinctly differ- 
ent response as reflected in the nature of the increased acid m the urine 
It has been pointed out elsexxhere (24) that although the total acid 
output of the unne xxas approximately equal for the three ty^pcs of acid 
ingested, nex'crthelcss, xxhen the acid was gixen as excess acid in the 
food or as NH^Cl, the brunt of the burden was borne by increased 
ammonia production, and the titratablc acidity of the urine was only 
slightly increased ^^'hen acid phosphate xxas gix*en, hoxxexer, tlic 
titratable acidity* increased greatlx’^ and the ammonia excretion, stiil 
high after the ingestion of NITCl, continued to fall xxhilc acid-phos- 
phate was taken In the second phosphate period it xvas only slightly 
higher than that of the control penods 

There xxas hkexxisc a xery great difference in the effect of the 
different tyqies of acids on the calaum excretion Those xxhosc 
ingestion was associated with great ammoma production also gaxc nsc 
to a considerable increase in the calaum excretion in the unne The 
ingestion of NaliiPO^, on the other hand, which produced only' an 
increased titratable acidity, xxas associated not with increased calcium 
c-xcretion but actually with a slightly dimimshcd output of calaum in 
the unne The xalues for calcium in the feces xxerc little affected by 
the different ty*pcs of aad fed, although like those for the unne the 
loxxcst xalues for calcium in the feces of the whole penod of obserxa- 
tion XX ere obtained dunng the administration of XaHjPOi 

The results of these three expenments show that the ingestion of 
large amounts of inorganic phosphate, whether acid or basic, fails to 
influence appreciably the excretion of calcium in cither unne or feces in 
adults on a loxx calcium diet The intake of phosphorus m these 
instances x' as much greater than could be fed m any diet of natural 
foodstuffs, corresponding as it did to the phosphorus content of a diet 
containing well oxer 200 grams of protein 

* Thai the mcreOied excretion of ammonia v hich folio on ingestion of NIIiCl 
IS rot due to an increased mtal e of “ammonia’' has been clearh sho 'n in another 
pape' (24) The great excretion of ammonia fell to control IcxcL x hen an af>- 
P'Ojinate amount of NallCOj ras ingested betveen doses of NII«C1 
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Effect of food rtch tn phosphorus 

In hyperthyroidism (16) it had been found that a greatly mcreased 
excretion of calaum and mtrogen was assoaated with a corresponding 
increase in the phosphorus output. To ascertain whether a diet high 
in protem (i e high m phosphorus) would affect the calaum metab- 
ohsm, 200 grams of protein per day were fed to a healthy normal 
individual, aged thirty, waghmg seventy-eight kilos In the previous 
mne days the subject had taken a neutral control diet of approximately 
the same low calaum content as that of the high protem diet. Durmg 
the first mne days of the high protem diet suffiaent NaHCOi was 
taken with the meals to prevent an increase m the "total aad” excre- 
tion of the unne, thus ehimnatmg the aad effect of the high protan 
diet Results are given in table 4 

On the mgestion of large quantities of protem there was a gradual 
but defimte increase m the calaum excreted m the unne associated 
with an almost equal decrease in the calaum of the feces, so that the 
calaum balance for the penod of high protem diet plus NaHCOj was 
virtually the same as for the control penod. The high protem diet had 
a low residue and durmg its admimstration the stools were smaller than 
formerly although there was no tendency toward constipation The 
lower calaum of the stool may be accounted for, m part at least, by 
the smaller bulk of the feces, as suggested by observations of SjoUema 
(25) The phosphate of the feces was httle mcreased and after 
NaHCOj was discontinued it was actually shghtly less than that of the 
control penods Phosphorus m the unne maeased to over 4 grams, 
and e\'en on such high mtake there was a shght negative phosphorus 
balance 

The very high protein diet had no appreaable effect on the calaum 
balance so long as NaHCOj was taken to neutralize its add effect 
When the NaHCOj was discontmued the ammonia, titratable aadity, 
and calaum of the unne all rose but the experiment had to be dis- 
contmued before the full effect could be observed 

Moderate calaum diet — Effect of tngeshon of added phosphate 

All of the previous experiments had been done on patients takmg a 
low calaum diet The effect of equal amounts of phosphate, first m a 
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high protein diet and then as added (nearly) neutral inorganic phos- 
phate, was now studied on a patient receiving a moderate calaum 
intake of about 0 5 gram per day instead of 0 1 gram previously given 
LZ, aged eighteen years, weighing sixty kilos, was slowly recovenng 
from chronic multiple neuritis He was confined to bed throughout 
the whole penod of observation but looked and felt fairly welL After 
two penods on a diet contammg 0 SO gram calaum and 66 grams protem 
per day he was given a diet of the same calaum content but containing 
about 120 grams of protem per day NaHCOj was added to control the 
acidity Later, after an interval of mne days on the control diet, he 
was given approximately the same amount of phosphorus in an equi- 
molecular nuxture of NaHiP 04 and NaiHPOi Results are presented 
m table 5 

The calaum excretion m the unne of this patient was higher than is 
usual On an mtake of 0 SO gram per day there was m the control 
penods an average negative calaum balance of 0 44 gram per three-day 
penod He was kept on the high protein diet for eighteen days, durmg 
all of which tune he was given NaHCOi The average value for 
unnaty calaum of the high protein penods is almost exactly the same 
as that for the precedmg and for the foUowmg control penods Dunng 
the high protem diet, however, the stools were very much larger than 
m the control penods, and their calaum content was defimtely, al- 
though not greatly, mcreased. There was, accordm^y, a greater 
negative calaum balance durmg the penod of high protem diet This 
findmg is qmte the reverse of that obtamed in sub 3 eot R F F on a 
high protem diet In R. F F , however, durmg the mgestion of the 
high protem diet the stools were smaller than m the control penods 
It seems reasonable to attnbute the larger output of calaum m the 
stools of LZ not to any specific effect of mcreased mgestion of protem 
and phosphorus but rather to assoaate it with the greater fecal bulk 
(due to other causes) 

The subsequent admimstration of 1 1 gram of phosphorus as an 
eqiumolecular mixture of NajHPOt and NaH,P 04 resultel in a slight 
decrease m ammoma and a defimte decrease m the calaum of the 
urme The size and calaum content of the stools was rather vanable 
but It IS clear the administration of morgamc phosphate failed to cause 
an mcrease m fecal calaum excretion The excretion of phosphorus 
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in both unne and feces •svas higher on the high protem diet than when 
the same amount of phosphorus was fed as morgamc phosphate 

In tbis patient receiving a moderate calcium mtake the ingestion of 
large amounts of phosphorus either in protein or as morgamc phos- 
phorus had produced no great effect on the calcium balance In his 
case, however, as m the case of DA, the taking of large amounts of 
inorganic phosphate was assoaated with a defimte but not great fall 
in the calaum output m the unne 

Efcci oj mgesiton of phosphate on the scrum calctum 

In the vanous expienments blood was taken dunng fastmg just 
before m akin g a change in phosphorus intake Under such conditions 
there was at no time an appreaable change in the serum calaum 
except that m the case of DA the serum calaum was slightly lowered 
after ingestion of large doses of NaHjPOj 

In one subject blood detenmnations were made at frequent mtervals 
after a smgle dose of 3 grams of phosphorus as nearly neutral phos- 
phate Although the serum phosphate rose from 3 4 mgm to 5 0 
mgm the serum calaum values were not affected These results are 
discussed more fully m another paper (26) 

COMMENT 

These metabohc studies, with one exception, were made on adults 
given a diet which was neutral and adequate except m calaum. Wide 
vanation in the ratio of phosphorus to calaum m the mtake appears 
to have but httle effect on the excretion of calaum in either unne or 
feces, or on the calcium balance Even when the phosphorus intake 
was mcreased fivefold the only effect noted was a slight lowenng of 
the calaum of the unne in one case In the patient studied on a higher 
calaum intake, the effect of more than doublmg the phosphorus mtake 
was similarly negative 

When the aadity of a high protem diet was controlled by the addi- 
tion of NaHCOj there was likewise no appreaable effect of such high 
phosphorus and protem mtake on the calaum balance m patients on 
low or moderate calaum intakes 

The amounts of inorganic phosphorus fed were m general the largest 
that could be taken without the development of diarrhea In all 
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Great vanation in the phosphorus intake and, therefore, m the 
P/Ca ratio failed to affect matenally the excretion of calaum in 
either urine or feces, although in two cases administration of morganic 
phosphate resulted m a shght but defimte decrease of the calaum of the 
urme 

Ingestion of a very high protem diet had no appreciable effect on the 
calaum balance when the aad effect of the protem was controlled by 
administration of NaHCOi 

Ingestion of NaHjPOj gave rise to a great mcrease m titratable 
aadity of the urme but had httle effect on the excretion of ammoma or 
calaum In this it differed from other aad-producmg substances 
studied, which resulted m mcreasmg both the ammoma and calaum 
of the urme 
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STUDIES OF CALCimi AND PHOSPHORUS METABOLISM 

XVTTT On Tempoeary Fluctuations in the Level of Calcium 
AND Inorganic Phosphorus in Blood Serum of 
Normal Individdals 

ray F FARQUHAESON ahd DOROTHY M TIBBETTS 
(From the Medical Cltmc of the MassachueeUs General Hojpttal, Boston) 
(Received for publication November 26, 1930) 

In the invesbgation of vanoua problems of calaum and phosphorus 
metabohsm, it has been found that great changes m the volume and 
direction of the calaum and phosphorus stream may occur without 
any notable difference m the serum levels of these elements In 
hyperthyroidism the calaum excretion m the unne is relatively huge 
and there are large negative balances of calaum and phosphorus, yet 
the serum calaum and serum phosphorus! remam withm normal limits 
(1) Moreover, there is no appreaable change m the serum levels of 
healthy people when, by changmg the calaum intake, a positive 
balance is shifted to a negative one or vice versa 

Yet the actual and relative amounts of calaum and phosphorus m 
the serum is of the utmost importance m certam abnormal conditions 
MacCallum and Voegthn (2) descnbed the low blood and tissue 
calaum assoaated with tetany after removal of the parathyroids 
Greenwald (3) later demonstrated the assoaated nse m serum phos- 
phorus and smce that time the high phosphorus, low calaum of the 
serum m many types of tetany has come to be recognized Mamot 
and Howland (4), DeWesselow (5) and others have found a similar 
relationship of the serum values m tenmnal nephritis On injection 
of large amounts of morgamc phosphate into dogs Bmger (6) produced 
tetany with a low serum calaum and high serum phosphorus S imilar 
results have been found to follow mjection or mgestion of very large 
quantities of phosphate by numerous mvestigators (7, 8, 9) The 

* Throughout this paper the term “serum phosphorus” is used in referring to 
serum inorgamc phosphorus 
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feeding of much smaller amounts of phosphate to rachitic rats has 
been found to produce tetany with the tj^ncal blood changes by 
Karehtz and Shohl (10) That in rachitic animals even the high 
phosphorus metabolism of fasting may have similar effects has been 
shovTi by Cavins, (11), Wilder, (1 2), and Shohl and BroMTi (13) The 
ingestion of sodium oxalate in dogs was found to result m a low blood 
calcium, high phosphorus, and tetany (H) 

In stales of hvpcrparathyroidism, on the other hand, a high serum 
calcium is v ell known to be associated wiUi a low serum phosphorus 
This has been discussed in other papers (15, 16) 

It IS quite clear, therefore, that gross changes m the scrum phos- 
phorus value in many conditions arc associated wnth equally marked 
variation of the scrum calcium m the opposite direction That the 
level of scrum calcium is also affected b}’’ the protein content of the 
serum vas shovn by Salvesen and Linder (17) Hastings, hlurray 
and Sendroy (IS) showed that Uicrc was a linear relationship between 
the protein content of scrum or transudate and the calaum level 
Their data, taken from human sera and transudates as drawn from the 
body, indicate that 0 014 millimol of calcium are bound per gram of 
protein at the pH value of the blood Peters and Eiserson (19) also 
found in a group of cases, mostly ncphntics, that the concentration of 
calcium in the scrum vanes directly wnth the concentration of protein 
and inversely with the concentration of inorganic phosphorus 
Other investigators have described temporary fluctuations in either 
serum calcium or phosphorus of normal individuals m response to 
various factors Tlius, Stewart and Haldane (20) found that an 
increase of from 1 5 to 2 mgm m scrum calcumi might occur after 
ingestion of 30 grams CaCl-, after forced brcatliing for 90 minutes, 
and after breathing 6 to 7 per cent CO 2 for 90 minutes, and a decrease 
of about 2 mgm after ingestion of 60 grams NaHCOj Although 
values for serum phosphorus were not given in this paper it was 
reported separately (21) that forced breathing for 90 rmnutes resulted 
in every instance 111 a fall in serum inorganic phosphorus to below 1 25 
mgm Salvesen, Hastings, and McIntosh (22) found that intravenous 
injection of CaCb resulted in a moderate nse in serum phosphorus as 
well as a temporary rise in serum calcium 

The object of our investigation was to detemune the extent of 
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temporary variation m the serum levels of calaum and phosphorus in 
normal adults and to what degree the inverse relationship noted above 
ivould prevail when changes m one or another component could be 
induced at will Accordingly, the serum levels were defermmed at 
various times of the day m subjects on orthnary diets and after mges- 
tion of food nch respectively m carbohydrates, fat, and protein, as 
a ell as when insulm was given precedmg a carbohydrate meal The 
effect of ingestion of large amounts of salts of calcium and phosphorus 
was also followed. 


METHODS 

Venous blood was taken from the arm mto a clean syrmge, pre- 
viously washed with hquid paraffin, care bemg taken to avoid any 
uimecessary mampulation and to prevent hemolysis As soon as clot- 
tmg ivas complete the serum was separated by centnfugahzation, and 
removed In some cases the COi content or capaaty of the plasma 
was determined by the Van Slyke method, the blood havmg been 
taken under oil and coagulation prevented by the use of hepann 
For these detennmations we are indebted to Dr A V BocL Serum 
protem was determmed by macro Kjeldahl, serum phosphorus by the 
method of Fiske and Subbarow (23), and serum calaum by Fiske's 
(24) method The latter method has proven most satisfactory under 
all conditions Determinations were done m dupheate, usually with 
identical results, the variation seldom being greater than 2 per cent. 

In all cases, blood was first taken durmg fastmg and then at varying 
mtervals after different typeS of meals or after ingestion of calcium 
salts or phosphates 


EXPERIMENTS AND RESULTS 

The level during fastmg 

It was important to find whether the basal fastmg level would be 
appreaably affected by changes in type of diet or by mgestion of excess 
aad, alkali, or phosphate as well as to note any temporary change 
occurring immediately after such ingestion Also, it was interesting 
to observe the relative constancy of the fastmg levels of the serum 
calaum and phosphorus over comparatively long periods In table 1 
are presented data for such obsenutions on two healthy mdividuals 
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TABLE 1 

Scrum values (Jasttng) in Iwo healthy subjects 


1 



Calcium 

Pho3 

phonu 





Date 

Protein 



Remarts 

Subject R r r 

192! 

mint 

ptr 

lOOcc 

msm 
per 
100 cc 

per cent 

tfilumes 

ferttnl 

m /j; 
liter 


January 27 

96 

3 4 

6 9 

70 7 

148 

Ordinary diet 

Tebruarj 2 

9 7 

4 2 


71 2 

152 

6 grams NaHCOi taken daily, 







January 27 to Februarv 2 

February 6 

9 6 

3 6 

6 3 

69 5 


12 grams NaHCOj + 12 grams 







sodium citrate Februaiy 2-6 

February 9 

9 1 

3 2 

6 4 

71 8 

168 1 

52 grams NaHCOj on February 7 
56 grams NaHCOi on February 8 

February 11 


3 7 


58 6 

{ 

4 grams NHiCl on February 9 
12 grams NHiCi on Februarj 10 

February 13 

10 0 

3 4 

so 

29 1* 

102 1 

12 grams NILCl on Februarj 11 
15 grams NHiCI on Februarj 12 

Februarj' 20 

9 6 

3 9 




Ordinarj” diet 

Februarj 27 

10 1 

3 2 




Ordinarj diet 

Apnl 10 


2 S 

5 9 



Low calcium diet Apnl 5-14 

April 19 

9 6 

3 2 

6 4 



High protein diet April 14-27 



3 0 


63 8 




10 2 

3 6 

7 1 

61 7 




9 6 

3 8 




High protein diet June 11-16 


9 5 

3 4 

6 6 



Ordinary diet 

June 22 

9 6 

3 6 




Ordinary diet 

June 26 

9 6 

3 2 

6 6 



Ordinarj diet 

1930 







May 26 


3 1 





Subject D T 

ms 





■I 


February 27 

10 1 

3 3 


■ 

■ 

Ordinary diet throughout 

March 5 

9 8 

3 6 


■ 



June 27 

9 2 

3 3 

6 9 


H 


November 24 

9 S 

3 7 





December 10 


3 S 



Hi 


1930 





■i 


May 27 

9 6 

3 2 


■ 

■ 



* Total CO. OTygenated whole blood 
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In the case of R F F the fasting serum calcium was remarkably 
constant at about 9 6 to 10 0 mgm per 100 cc Under the influence of 
mgestion of very large amounts of alkali, it fell to 9 1 mgm , a result 
similar, although not as great, as that obtamed by Stewart and 
Haldane (20) Apart from this single lower value all other deter- 
minations, mcluding those taken dunng penods on very high protem 
diets and on mgestion of large amounts of NH<C1, lay between 9A and 
1012 mgm Vanation in the serum phosphorus level was a little 
greater than that of calaum, rangfngasitdid from 2 A to 4 ^ mgm In 
eight instances, when the fasting serum calcium was 9 6 or 9 7 mgm , 
the phosphorus vaned between 4 2 and 3^ mgm , when the serum 
calaum was 10 0 to 10 ^ serum phosphorus values ranged from 2 J to 
3 7 mgm The effect of high phosphorus intake m the form of a very 
high protem diet (200 grams protem daily) had no appreaable affect 
on the fastmg values nor did the mgestion of large doses of NH<CL 
The serum protem vaned from 5 9 to 8 0 per cent 

In subject D M T a smaller number of determmations showed a 
shghtly greater vanation m the calaum and smaller vanation m the 
phosphorus level 

That mgestion of large amounts of morgamc phosphate m patients 
on a low calaum chet produced no appreaable effect on the fastmg 
serum calaum and phosphorus levels has been mentioned m another 
paper (25) After Mveral weeks on a low calaum diet, also, as 
desenbed elsewhere (26), mgestion of large amounts of NHiCl was 
assoaated with shghtly decreased levels for calaum and phosphorus 
m some cases, and mgestion of NaHCOi with mcreased levels for serum 
calaum In aU expenments, however, on mgestion of aad or alkah 
on hig^ or low calaum diets, the total range of vanation of many 
detemunations for any given mdividual was never greater than 1 
mgm calaum except m one instance In patient D A (Case IT, 
penod XV), desenbed elsewhere (26), the mgestion of large amounts 
of NH 4 CI after the subject had been on a low calaum diet for several 
weeks, resulted m a fall of shghtly more than 1 mgm m serum calaum 

Absolute rest atid mild exercise 

In one instance, it was found that there was a defimte shght increase 
m serum calaum and protem and fall in serum phosphorus m blood 
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taken from a fasting, healthy subject after lying at complete rest for 
one and one-quarter hours This was repeated m a number of healthy 
individuals, but no material change in levels of calcium or phosphorus 
was found, although the serum protein did change considerably The 
results are presented in table 2 


TAllLn 2 


Subject 


R I r 

c r 


r A 


D M T 


G P R 


rffccl of absolute res! and mild exercise during fasltng 


Date 

Calcium 

phorus 

I’rolcln 

RemarLs 


ratm 

mem 



lOIS 

per 

per 

pfr cent 



100 <c 

100 cc 



April 19 1 

9 6 

I 2 

6 4 

After vv liking § mile 

10 1 

2 8 

7 6 

After li hours complete rest 

June 28 1 

9 5 

3 8 

5 9 

At rest, before nsing 

9 5 

3 5 

0 6 

After working one hour 

June 28 | 

9 8 

9 6 

3 6 

3 6 

7 1 

S 9* 

After working one hour 

After l>ing down one hour 

November 24 | 

9 S 

9 7 

3 7 


After working three hours 

After 1> ing down one hour 

December 10 | 

10 0 

3 5 


After working three hours 

10 0 

3 2 


After Ivung down one hour 

Nov ember 24 | 

10 4 

4 5 


• 

Before nsing 

10 4 


Moving about for one hour 

December 10 | 

10 2 

3 9 


Before nsing 

10 4 

3 5 


Mov ing about for one hour 


* Some hcmolj sis 


Fluckiatious in scrum calcium during the day lahcn on ordinary diet 

The serum levels of two healthy subjects were determined at 
different times during a day w'hen an ordinary diet was taken and 
ordinary work done Results are presented m table 3 In subject 
R F F the calcium remained constant at 9 9 to 10 0 mgm , while the» 
phosphorus vaned between 3 0 to 3 8 mgm In D M T the serum 
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calcium \ aned between 9 4 and 104 mgm , a range as great as that of 
the fasting values over many months, and the serum phosphorus 
between 3 1 and 3 8 mgm It is notable that the bghest value for 
calaum was obtamed at the same time as the highest value for 
phosphorus 


TABLE 3 

Senim values durwg the day on ordinary diet 


S abject 

Date 

Tuna 

Caldiun 

rboa- 

phoma 

Protein 

Rannrks 


J9S0 


mpm 

perlOOa 

mpm 

tJS'ee. 

prretni 




9 00 

10 0 

3 1 

6 8 




9 30 

Breakfast 



Eggs, toast and coffee 



11 30 

10 0 

3 0 

7 5 


R F F 

May 26 

12 45 

9 9 

3 2 

7 5 




1 00 

Lunch 



Ham, caiTots, potatoes. 



2 IS 

10 0 

3 8 

7 2 

custard 



5 00 

10 0 

3 8 

7 2 




9 00 

9 6 

3 2 

7 8 




9 30 

Breakfast 



Toast, marmalade, coffee 

DMT 

Ma> 26 ■ 

11 30 

9 7 

3 1 

8 0 


12 15 

Lunch 

Ham potatoes carrots, 



1 30 

9 4 

3 7 

7 8 

custard 



4 45 

10 4 

3 8 

8 3 



Ingestion of carbohydrate, or carbohydrate with adimmslralion of visnlin 

It has been clearly shown that the admimstration of msuhn or the 
mgestion of large amounts of carbohydrate with or without msuhn 
results in a prompt fall in the serum morgamc phosphorus (27, 28, 29) 
It was, therefore, interesting to find to what extent the serum calaum 
would vary vhen rapid changes in serum phosphorus were induced m 
this way Accordingly, large amounts of carhohj drate m the form of 
ordinary foods or 100 grams of glucose were given to a number of 
healthy subjects and to some patients, including a case of tetany with 
high serum phosphorus The changes m serum phosphorus, calcium, 
and blood sugar w ere followed for several hours Results are given in 
table 4 




TABLE A 

Effect of ingestion of large amounts of carhohydrates 


Subject 

Date 

Time 

Col 

clum 

PI 105 

phorus 

Blood 

sugar 

Pro 

tern 

Remarks 


i9ZS 


rngm 

mrm 

mrw 

firr 

cent 




fer 
100 a 

I§)a 

/twee 


R r r 

Eebru- i 

Easting 

9 7 

4 2 



High carbohydrate break- 

ary2 \ 

2J hours 

9 6 

3 2 



fast 

' 


Easting 

10 1 

3 3 

81 


Sugar tolerance 100 grams 



i hour 

10 2 

3 0 

95 


glucose 



1 hour 

10 3 

3 0 

68 




ary 2/ 

2 hours 

9 9 i 

3 1 

72 





4 hours j 

10 0 

3 4 

68 



DMT' 


Easting 

9 8 

36 

86 


High carbohydrate meal 



J hour 

9 8 

3 0 

94 


Carbohydrate, 122 grams 


March 5 ■ 

1 hour 

9 8 

2 9 

97 


Protein, 4 grams 



2 hours 

9 7 

2 7 

91 


Eat, 10 grams 



4 hours 

9 7 

3 0 

83 ; 

1 


Calcium, 64 mgm 
Phosphorus, 77 mgm 



Easting 

9 1 

3 8 

93 


Higli carbohydrate meal 



J hour 

9 1 

2 8 

93 


Carbohydrate, 122 grams 

E R 

March 5 ■ 

2 hours 

9 4 

2 7 

101 


Protein, 4 grams 

3J liours 

9 1 

I ^ ^ 

1 

84 

1 

Eat, 10 grams 

Calcium, 64 mgm 
Phosphorus, 77 mgm 






' 

Easting 

4 7 

7 5 

90 

7 1 

High carbohydrate break- 

R W 

Eebru- 

i hour 

4 8 

7 1 

124 


fast 


ary 9 • 

14 hours 

4 4 

7 1* 

130 


Carbohydrate, 171 grams 

(Tetany) 

2 hours 

4 7 

6 5 

no 


Calcium, 23 mgm 


i 

33 hours 

4 2 

6 6* 

123 


Phosphorus, 105 mgm 

D S 

Eebru- f 

Easting 

9 5 

5 7 

114 

7 1 

Sugar tolerance 100 grams 


ary 26 1 

3 hour 


4 7 

147 


glucose 

(Acromc 

ignly) [ 

24 hours 

9 7 

4 7 

162 





Easting 

9 8 

4 3 

95 


Sugar tolerance 100 grams 

Bln 

March 5 

4 hour 

9 8 

4 2 

143 


glucose 

1 hour 

9 6 

3 8 

170 


(Acromc 

®aly) 

2 hours 

9 8 

3 7 

154 




, 

4 hours 

9 6 

3 8 

87 




Janu- 

Fasting 

9 5 

2 9 

92 

6 2 

Sugar tolerance 100 grams 

S A 

4 hour 

9 5 

2 5 

173 


glucose 


ary 9 

14 hours 

10 3 

2 6 

150 



(Hypcrtnchosis) 

3 hours 

9 7 

2 6 

114 




Some hemolysis 


278 
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The effects of ingestion of large amounts of carbohydrate im- 
mediately after the administration of a large dose of msulm m three 
normal subjects are shown by data collected m table 5 

TABLE 5 


Effect oj intatwn of large amounts of carbohydrate and administration of insulin 




Time 

1 

j 

1 

1 

m 

1 

1 

Remarks 






mpm, 1 

Shi 



im 


t^ee. 






Fasting 

9 6 

3 2 

98 

6 6 

30 units Inmilin 



50 minutes 

9 4 

2 4 

105 

6 9 

Breakfast 



houra 

10 0 

2 1 

64 

6 7: 

Carbohydrate, 126 grams 



3 hours 

10 4 

2 1 

46 

6 8 

Protein, 8 grams 



10 grams cane sugar with tern 


Fat, 3 grams 


June 26’ 

porary relief 




Caldum, 67 mgm. 


4 hours 

95 

2 4 

46 

7 1 

Phosphorus, 170 mgm 



30 grams glucose 







51 hours 

9 6 

2 9 

46 

7 2 




30 grams glucose plus 25 grams 




bread 

8 houra 

1 

9 7 1 

4 2 

91 





Fasting 

1 

9 2 1 

3 3 

84 

6 9 

20 units insulin 



i hour 

9 6 

28 

77 

7 4 

Breakfast 



2 houra 

9 6 

2 5 

73 

6 8 

Carbohydrate 109 grains 

DMT 

June 27 

3( boiin 

9 8 

3 0 i 

41 

6 1 

Protein, 8 grams 



Lunch 





Fat, 7 grams 



7( hours 

9 2 

3 3 

105 

6 6 

Calcium, 70 mgm 
Phosphorus, 118 mgm. 



Fasting 

9 3 

4 3 

93 

6 2 

20 imits insubn 



i hour 

9 5 

3 5 

104 

6 1 

Breakfast 



2 houra 

9 4 

3 7 

53 

6 1 

Carbohydrate, 109 grams 

E. R. 

June 27 

3J houra 

9 3 

3 6 

60 

6 1 

Protein, 8 grams 



Lunch 





Fat 7 grams 



7J houra 

9 0 

3 6 

200 


Caldum 70 mgm 
Phosphorus 118 mgm. 


The results, m so far as the serum calaum and phosphorus levels are 
concerned, were essentially the same for mgestion of carbohydrate 
alone as when it followed the admmistration of msuhn In the latter 
cases, however, the blood sugar fell to reaction levels 
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In all subjects there was an early fall m serum phosphorus levels, 
averaging m eleven instances 0 8 mgm and varying from slightly less 
than 0 5 mgm to slightly more than 1 0 mgm The imtial height of 
the serum phosphorus seemed to have no influence on the magmtude 
of the change, nor did there seem to be any definite relation between 
the extent of the decrease in scrum phosphorus and the change in the 
blood sugar level WHien the phosphorus fell there w as some tendency 
for the serum calcium to rise but this was by no means constant nor 
did the increase in serum calcium vaiy- directly uath the extent of 
decrease in scrum phosphorus With a maximum fall of about 1 
mgm in scrum phosphorus the scrum calcium remained essentially 
constant m R F F , February' 2, D j\I T,!March5,E R, March 5, 
and in DS (acromegaly) In the case B W (tetany), when the 
phosphorus fell from 7 5 to 6 5 the calcium remained essentially 
constant until the last determination, when, without further appre- 
ciable change m scrum phosphorus it fell from 4 7 to 4 2 On the other 
hand, in R F F , June 26, the scrum calcium rose from 96 to 10 4 
mgm , w'hilc the phosphorus fell from 3 2 to 2 1 In eight hours, 
how'cver, when the scrum calcium had returned to 9 7 the serum 
phosphorus had risen to 4 2, 1 mgm higher than the fasting level 
In D M T , June 27, when the serum phosphorus was decreased by 
0 8 mgm the calcium rose from 9 2 to 9 6, reaching 9 8 one and one-half 
hours later w'hcn phosphorus had returned nearly to normal In the 
case of hypertrichosis, the maximum rise m calcium w'as 0 9 mgm and 
maximum fall m phosphorus 0 4 mgm The scrum calcium was 
essentially unchanged m at least six of the eleven cases, and onW m 
three cases W'as there a variation of 0 5 mgm or more, the greatest 
increase above fasting level being 1 mgm in R F F after carbo- 
hydrate and insulin In the cases in w'hich serum protein w'as de- 
termined there seemed to be no constant relation between the tem- 
porary variations in protein and those of calcium 

Thus, our results are in agreement with the w'ell established fact 
that the ingestion of large amounts of carbohydrate wath or without 
admimstration of insulin is constantly follow'cd by a defimte fall m 
serum phosphorus They show on the whole little assoaated change 
in serum calcium, the magnitude of which w'as no greater than that 
foimd to occur on ordinary diet or after ingestion of other types of food 
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as descnbed below Similar values for serum calaum m dogs, after 
admimstration of msulm, were obtained by Bnggs, Koechig, Doisy 
and Weber (30) Brougher, however, reported tremendous changes 
m blood calaum of rabbits (nsmg even to more t h a n 20 mgm ) foUow- 
mg injection of msulm (31) Davies, Dickens, and Dodds (32) found 
mcreases of from 2 to 4 mgm m serum calaum of rabbits m hypo- 
glyceimc convulsions Recently, Ellsworth (33) has reported m- 
creases m serum calcium m man similar to those that occurred m some 
of our cases The maximum change m calaum did not occur always 
m those cases with the greatest fall m phosphorus, nor was the recip- 
rocal mverse relationship persistent m the last determinations of a 
given experiment Yet m his cases there was a more constant nse m 
serum calcium than m ours 

Ingestion of large amounts of protein and fat 

Data showmg the effect of mgestion of large amounts of protem and 
fat are presented m table 6 

When 127 grams of fat were taken, much of it m the form of cream, 
there followed an increase of calaum from 9 6 to 10 8 mgm. and a fall 
m phosphorus from 3 9 to 3 2 mgm A week later the effect of 100 
grams of ohve oil was observed, the serum phosphorus remained con- 
stant but serum calaum increased by 0 9 mgm in 4 hours Similar 
experiments on ingestion of large amounts of protem, when the subject 
took 200 grams of protem daily for several days, showed m one instance 
a distmct nse m calaum from fasting \alueof 9 6 mgm to 11 4 mgm a 
few hours after breakfast, assoaated with a shght mcrease m serum 
phosphorus, but no matenal difference m serum protem In this 
mstance NaHCOj was added to neutralize the aad effect of mgested 
protem When the expenment was subsequently repeated, leavmg 
out the NaHCO), the serum calaum remamed stationary and serum 
phosphorus rose shghtly On each occasion the subject was carrymg 
on with his ordmary work 

Data showmg the effect of mgestion of single doses of phosphate and 
of calaum lactate are presented m table 7 The phosphate caused 
purgation, which persisted for several hours The serum phosphorus, 
however, rose from 3 5 to 5 0 mgm , without an appreaable change m 
the serum calaum level A similar nse m serum phosphorus after 
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ingestion of large amounts of phosphate without any assoaated change 
in the serum calcium level has been described by Schulz (34) The 
ingestion of calcium lactate was followed by an increase in serum 


TABLE 6 

EJfcct of tiigcslioit of large amounts of protein and offal 


Date 

Time 

Cal 

clum 

rho5 

phorus 

Pro 

tun 

Non 

protein 

nitroEcn 

Remarks 



mem 

mem 


mem 


I92S 


itcc 


fir 
100 cc 



Fasting 

9 6 

3 9 



Breakfast 


1 hour 

10 5 

3 2 



Fat, 127 grams 

February 20 ■ 

2i hours 

SJ hours 

10 6 
10 8 

3 3 

3 6 



Carbohydrate, 15 grams 
Protein, 6 grams 


Lunch 





Calcium, 185 mgm 

. 

9 hours 


3 7 



Phosphorus, 181 mgm 


Fasting 

131 

3 2 



100 grams oh\e oil 

February 27 ' 

1 hour 

2 hours 

m 

3 2 

3 2 




1 

4 hours 

11 0 

3 1 





Fasting 

9 6 

3 6 

6 3 

31 

Breakfast 


2J hours 

10 0 

3 6 

6 9 

39 

Protein, 61 grams 

Februarj' 6 ■ 






Fat, 29 grams 

Calcium, 30 mgm 







Phosphorus, 461 mgm. 


8 30 a m 

9 6 

3 2 

6 4 

45 

Total diet for day 


9 45 a m 


2 8 

7 6 

46 

Protein, 200 grams 


10 00 a m 


Carbohydrate, 161 grams 



soda 



Fat, 100 grams 

Apnl 19 

12 45 p m 

11 4 

3 7 

6 9 

51 

Calcium, 119 mgm 

1 30 p m 

Lunch, plus 3 grams soda 

Phosphorus, 1,586 mgm 


2 30 p m 

10 2 

3 8 

6 8 




6 30 p m 

Dinner, plus 3 grams soda 



9 15 p m 


4 2 


59 



8 50 a m 

10 2 

3 6 

7 1 

42 

Same diet as on Apnl 19 


9 00 a m 






10 15 a m 


3 7 

6 8 

50 


Apnl 26 

12 15 p m 

■ ^9 

3 5 

7 2 

47 



1 20 p m 

■ 

3 3 

6 8 




1 30 p m 

Lunch 





6 15 p m 


41 

6 9 

51 
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calaum from 9 6 to 11 0 mgm but the morgamc phosphorus remamed 
relatively constant 


TABLE 7 

Efeci of iniaiton of todium pkosphafo and of calcium laciaie 



71a*5 

! CAkhuB 

Pbotphtmu 

Raiurkf 



mpH 

fit 100 cc. 

•KM 

pttiOOcc, 


[ 

Fasting 

9 S 

3 5 

3 gratoB phosphorus in fonn of 

June 19 1 

1 hour 

9 4 

5 0 

equimolccular solution of 

3^ iiours 

9 5 

4 9 

NaHjFOi and NaaHPOj Pur 

1 

5 hours 

9 2 

5 0 

gadon followed in about one hour 


Fasting 

9 6 

3 6 

10 grams calcium lactate «- 1 3 


2 hours 

11 0 

3 6 

grams calcium 

Juno 22 

3 hours 

10 5 

3 6 



5 hours 
Lunch 

10 5 

4 2* 



9 hours 

10 3 

3 8 



* SomehemotyaU, 


COMMENT 

It 18 seen that there may be greater changes m the serum calaum 
and phosphorus ivithm a few hours after meals of ordmaiy foodstuSs 
than occur m the fastmg levels over penods of many months The 
fastmg serum calaum, however, and to a lesser extent the serum 
phosphorus, remains remarkably constant m spite of great changes m 
diet and m the mtake of calaum and pho^hate 

Although the mverse relationship between the levels of calaum 
and phosphorus of the serum seems to hold m some instances dunng 
temporary fluctuations, it is quite dear that m many cases the calaum 
was constant whfle the phosphorus level changed, m others the 
phosphorus remamed constant dunng changes m calaum, and m some 
mstances both rose or fell together Concomitant vanation m the 
serum protem was not great enough to overshadow a specific effect of 
vanation m phosphorus on the calaum levd or vice versa, nor were 
temporary fluctuations m protem always paralleled by cortespondmg 
changes m serum calaum when the serum phosphorus remamed 
constant 
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GASTRIC SECRETION AFTER HISTAMINE SODIUM AlH) 
POTASSIUM CONTENT AND PEPSIN ESTIMATION 
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{From the Gastro-inUifinal Section of IFedtcot Clinic University Uospital and the Department 
of Research Xfedictne, UnhersUy of Pennsyttema, PhladeJphla) 

(Received for pabUcatlon December 24, 1930) 

Since Prout (1824) first demonstrated the presence of HCl in the 
gastnc juice and Beaumont (1833) reported the demonstratioE by 
Dunghnson and Emmett of the bases, K, Na, Mg, and Ca, the com- 
position of the secretion of the stomach has been repeatedly studied 
The hterature has been reviewed by Rosemann (1920), Carlson (1923), 
MadLean and Griffiths (1928), Gamble and Mclver (1928), Bulger 
et al (1928) and McCarm (1929) The recent introduction of hista- 
mme as a stimulant of gastnc secretion foUowmg the work of Popielski 
(1920) and the subsequent studies, reviewed by Ivy, (1930) has made 
It possible to secure gastnc juice undiluted by test meal PoUand, 
Roberts and Bloomfield (1928) have demonstrated the value of meas- 
urmg the rate of secretion of the constituents of the gastnc juice follow- 
ing histamme stimulation In their studies they measured the bases 
as total base We have earned out similar studies fracbonatmg the 
total base into its separate ions and report bnefly our results 

From the studies m the literature it is dear that the course of gastnc 
secretion whether stimulated by some type of test meal or by hista- 
mine IS typically characterized by a nse m the curve of volume secre- 
tion assoaated normally m the mixed juice with nse m aad and chlo- 
nde concentration, fall m sodium concentration (sodium constituting 
usually the larger part of the total base), approximate constancy of po- 
tassium concentration, concentrations of Ca and Mg always so small 
as to make difficult the measurement of their changes, fall of mtrogen 
concentration and change m character of the juice to a less mucoid, 
more watery consistency Toward the dose of the response to stimu- 
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lation these changes are reversed Fundic pouches give a similar 
picture but one that is free from the effects of swallowed saliva, mix- 
ture of secretion from various parts of the stomach, dilution and buffer- 
ing by the test meal, and the occasional regurgitation of duodenal 
contents 


METHODS 

In tlic gastro intestinal clinic of the Hospital of the Univdrsity of Pennsylvania 
under the direction of Dr P Gner Miller patients uerc selected ^\ho had been 
thoroughly studied, usually after complete gastro-intestinal x-ray investigation 
On the daj of studv the patient came without breakfast to the clime t\Tule 
reclining comfortably a small Rchfuss tube was cautiously introduced into the 
stomacli and the fasting contents of tiie stomach removed as completel} as possible 
by gravity and % ery' gentle suction w ith a syringe The subsequent fastmg secre- 
tion collected continuously through the tube for 20 to 40 minutes was separated 
into samples representing 10 minute periods of collection Either the specimens 
or tlie results of the analy ses of the individual samples were combined to constitute 
“prehistaminc” data Histamine acid phosphate in a dose of 0 3 to 0 5 mgm as 
1 1000 solution of the phosphate was injected subcutaneoush Contmuous re- 
moval with partition of samples at 10 minute interv'als was earned out until the 
response was subsiding, usualh after 60 to 80 minutes Volume of secretion and 
acid titration were measured on each specimen The other analyses were made 
on certain specimens selected w ith respect to the volume and acid cun^e, the size 
of tlie specimen, and the freedom of the specimen from blood or bile Chlondes 
were measured in all of the subjects, but K, Na, and N only in those mdicated in 
the tables 

Prcparaltoii Each specimen was measured in a cylinder, and passed through 
ash free filter paper before sampling for anah sis 

Acid hlralioit was performed on 1 cc samples with n/50 NaOH usmg Topfer’s 
reagent to both tlie salmon and lemon end points, and phenolphthalein The 
lemon end point of Topfer’s was used in Uic human cases to determine the total 
HCl This has been recommended by^ Michaelis (1926) and our data indicate in 
the human matenal that the sum of equivalents of total base and total HCl so 
measured approximately equak the equivalents of total chloride It is ewdent 
that the further titration to the phenolphthalein end point represents for the most 
part combination of the NaOH witli buffer substances in the speamen 

Chlorides were measured by Van Sly'ke’s method as modified by^ Wilson and 
BaU (1928) 

Phosphates were determined by an adaptation of the method of Fiske and Sub- 
barow (1925) for total phosphorus One cubic centimeter of juice was digested, 
with 2 cc of 2 S N H2SO4 and the later addition of 1 drop of concentrated HNO3 
in long Pyrex tubes, graduated at a volume of 10 cc After partial dilution and 
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the addition of reagents, the solution was diluted to the 10 cc. mark The un 
known was compared in a colorimeter with a standard of approximately equal 
strength, three standards of different strengths bemg employed 

Nitrogen was determmed by the Kjeldahl method 

Bases were determmed after ashing a sample m sihca or platinum beakers with 
H 1 SO 4 and supcroiol the final stages bemg conducted in an clectnc oven at a 
temperature not exceeding 500®C After complete disappearance of carbon, 1 
drop of concentrated HjSO^ add was added to the ash and the heating in the oven 
repeated at the same temperature The ash was dissolved in water made up to 
volume and aUquots taken for the followmg analyses 

Total base was measured b> the method of Stadle and Ross (1925) on the ash 
from 1 cc of jmee 

Potassium was measured by the titrimctric method of Shohl and Bennett (1928) 
on the ash from 1 cc» of juice Known solutions of potassium were analyzed m 
dupbeate with each senes 

Sodium was measured by the method of Barber and Kolthoff (1928) using Jena 
glass filtermg crudbles for collection of the predpitates and employing the ash 
from 1 cc. of juice Known solutions of sodium were analyzed m duplicate with 
each senes 

Pepsin was estimated by a modification of the method of PoUand and Bloom 
field (1929) In th&r method a number of tubes each containing 300 mgm of 
edestin are prepared with mcreaslng dilution of the unknown pepsm solution to 
constant total volume and aaditj They arc permitted to digest in a water bath 
at 37®C for the same selected time measured to the minute At the end of the 
penod of digestion the remammg edestin is preapitated with trichloracetic aad, 
its volume read after centnfugation and the amount of edestin digested is esb 
mated by difference from blank tubes containing edestin but no pepsm To this 
point we have followed their method precisely as they described iL Polland and 
Bloomfield then, m prmaple, divide the edestin digested by the amoimt of original 
pepsm solution present m the tube and plot this value, the edestm digested per 
umt of pepsin solution, agamst the dilution of the ongmal pepsin solution m the 
tube Such a plot rises to a maximum at some dilution and then, in their expen 
ence, falls Th^ take the edestm digested per unit of pepsm solution at the crest 
of this curve as a measure of the pepsm concentration of the unknown solution 
We were unable to obtam rcproduable estimates by this method of mterpretmg 
our data 

It is to be expected that, m the neighborhood of half digestion of the edestm, 
the relation of pepsm concentration to edestm digested will obey Schutr* law 

log 5 - K + ^ log £ 

where S is the amoimt of substrate digested, JE is the concentratiou of enzyme, and 
iC IS a constant characteristic for the enzyme and substrate under constant condi 
tions and for umform time and temperature 
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Fig 1 Method of Interpreting Pepsin Readings (Case BR, Spechiens 

P, 2, 3, AND 4) 

For the range between 0 09 and 0 20 cc of edestin digested (absassae) the values 
for each specimen approximate the slope of Schutz’ lav The mtersections of 
these slopes with the 0 14 ordmate representmg half digestion of the edestm,give 
the dilutions shown by arrows on the left hand margm, which are taken as propor- 
tional to the concentration of pepsin in the ongmal specunens 




TABLE 1 


Qinical maknal 






Nltro- 




Cue 1 

Sex 

As« 

Wriflit 

ten 

meu- 

ored 

Blood* 

BOt 

DUinods 


High aad 




yearj 






w 

M 

33 

119 

+ 



Cholelithiasis 

AB 

F 

29 

115 

+ 



Visceroptosis 

AE 

M 

37 

137 

+ 

Trace 


Gastric ulcer 

AL 

M 

44 

115 

+ 

Trace 3 to 7 

+ in 1 

Arteriosderosis, hyper 








tension 

AN 

if 

41 

127 

+ 

Traces 

+3 and 3 

Ulcers, gastroenteros- 








tomy, partial obstruc 








tion 

AO 

M 

40 

142 

+ 


+4 to 6 

Chrome constipation 

AP 

M 

37 

145 

+ 



Diabetes mclUtus, con 








stipatioD 

AQ 

M 

53 

148 




Hyperthyroidism, BM + 








39 per cent 

AZ 

F 

25 

114 

+ 



Chrome constipation 

BF 

F 

41 

152 

+ 



Chronic cholecystitis 

BI 

F 

47 

130 

+ 



Cholelithiasia 

BK 


33 

147 

+ 



Duodenal ulcer 

BP 

M 

22 

150 

+ 


+2 to 4 

Normal student 

BQ 

M 

59 

150 

+ 


+P, trace 

Chronic constipation 







later 


BR 

M 

21 

150 

+ 

+3 to 6 

+p 

Normal stndent 

BS 

M 

24 

132 

+ 

+2 to 5 

+1. 4, 5 

Normal student 

BU 

M 

23 

140 

+ 



Normal student 


Low add 


B 

M 

61 

111 


Traces 


Tnbemiloso (?), flnemla 

U 

M 

53 

158 

+ 


1 

Arteriosclerosis 

V 

M 

23 

150 

+ 



Duodenal ulcer 

AR 

hi 

71 

116 




Carcinoma stomach, re 








ten tion 

AT 

F 

48 

155 

+ 

Traces 


Cholelithiasis 

AU 

il 

43 

127 


++ « 


Cardnoma stomach 






cept 4 



AV 

M 

62 

190 

+ 


1 

Chronic consbpatlop 

BD 

F 

25 

115 

+ 



Duodenal adhesions 

BE 

M 

48 

147 



+, except 2 

Chronic arthritis 

BJ 

F 

44 

146 




Intestinal adhesloni 

BO 

M 

22 

150 




Normal student 


* Figures refer to the fractional 10 minute periods following histamine In which 
blood or bQe appeared, P indicating the prelustamine period 
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(0 

pa 


o 



k- 

t3 

g 


Low acid croup 

Maajmum total aad < 60 13 cases 

CO 

sainujoi og Oi 



»}nu|ui oi-09 
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^ !2 S S ^ ^ 

C4 fO o o 
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^ CO vO 0\ 

» 

ro 
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" « ^ S ?! 


winojui OJ-OI 

* j 

r4WNO i-‘ OO 

^ CO »o Os *1* 

- 

to^nujui oi-O 

O ^ Ov CM CO CO 

lo CO sO Ov 

pH 

3Uiure]stit3j<t 

30 

1 

12 

127 

68 

89 

35 
-25 
-4 
13 
0 29 
0 81 

B 

U 

CQ 

SA 

J? o 

E 

1 

<■ 

03 

tojnujui 08-Oi 


- 

eainaitu 0!-09 

« . ^ >0 VO ^ .*2 

30 

jainattti 09-0? 

^ w w O O 

CM 

*o 

soinnrai OJ-OV 

00 <S 

»o 

_ 


foinmui oM)r 

36 

5 

21 

156 

95 

138 

116* 

fo 

soinujoi oc-Oc 

Os CO to Cr OS 

lo CM «0 O ro 

^ 

lO to to 


vomurai OC-OI 

# 

r-»oro Cs-fco ^ OO 

CO CM i2 2 

- 

toinuim oi-O 

-r CM •r 00 cs CO 

CM ^ O* OS C*! 

A< 

9UIUiC)Siq9iJ 

29 
5 

12 
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67 

105 

81 

-13 

30 
15 

0 45 
0 49 
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*Crest of acid curve 
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If the edestin digested be plotted on logarithmic paper against the dilution of 
unknown solution, then in the neighborhood of half digestion of the edeatm the 
data should fall along a straight Ime whose slope is given by the equation 

TABLE 3 


Potassium conconiration (m Eq ftr hltr) 


Cue 

P 

1 

2 

3 

4 

5 

IS 

7 

8 

PrdihU 

coIm 

0-10 

j miatiles 

10-20 

mlnalet 

20-30 
; mhiQtet 

1 3(M0 
mloatet 

40-50 

nlAiitei 

50-60 

miaates 

60-70 

misutei 

7&-80 

mlnatu 

High acid 

w 

10 

1 

8 

10 


1 1 

1 


1 1 


AE 

15 

14 


14 1 



16* 


AL 

14 


13 



7 




AN 

14 


17 

IS 




15 


AO 

10 

14 

18 



15 




AP 

17 

19 

32 



13 


14 


AQ 









14 

AZ 



13 




14 



BF 







13 



BP 

22 

21 

23 

20 






BQ 



13 


13 

13 




BR 

17 


18 

17 

16 





BS 

14 

11 

17 


15 





BU 

17 



1 






Low add 


TJ 




11 1 

5 



V 

9 

9 




5 



AR 






15 

14 



AT 

16 

15 

16 






AU 

IS 

13 


' 16 






AV 

13 









BD 





16 

17 




BE 






16 




BO 

11 

1 

16 




18 


•Broken columns in this and other tables Indicate a combination of material from 
several periods, 6, 7 and 8 in this instance 


Figure 1 shows that in the neighborfiood of half digestion of the edestin the 
observations exhibit this relationship A Ime whose slope is that of the equation 
13 accordingly drawn through the pomts near the locus of half digestion. The 
dilution mdicated by this Ime at half digestion is taken as the concentration of 
pepsm In arbitrary units m the original unknown solution. 
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RESULTS OF CLINICAL STUDIES 

The patients studied arc listed m table 1 with respect to sex, age, 
and diagnosis All were used in studying volume rate of secretion, 
acid titration and chlorides, but only those indicated in tables 1, 3, and 
4 for the measurement of N, K, and Na In no instances were these 
latter measurements made on specimens contaimng more than traces 


TABLE 4 

Sodium excretion {m Eq per liter) 


Case 

P 

1 

2 

3 

4 

5 

6 

7 

8 

Prchlsta 

mine 

O-IO 

minutes 

10-20 

minutes 

20-30 

minutes 

30-40 

minutes 

40-50 

mmults 

50-00 

minutes 

60-70 

minutes 

70-80 

minutes 

High ncid 

W 

05 


14 







AB 

64 


35 


27 

20 




AC 1 

29 

38 1 


14 1 

I 1 


16 


AL 

80 


39 



61 

1 

i 

AN 

31 

1 

23 




i 

1 40 

AO 1 

42 

38 

22 



11 

1 


AP 1 

42 

17 

8 



3 


6 


BP 

19 

14 

4 

2 






BQ 


1 

56 


13 

13 




BR 

50 


23 

12 

8 





BU 

20 



30 






Low acid 


B 1 

49 

1 

31 1 


i j 



U 

SO 

56 


29 


30 



V 

73 

05 ! 


54 


46 



BO 

27 

32 

24 

1 

1 

' 37 


of bile or blood and usually the specmiens employed were not visibly 
contammated with either 

Exarmnation of our data revealed no sigmficant correlation with 
the diagnoses accepted other than the well recognized correlation of 
certain conditions with high or low acid titrations Our matenal 
has been divided arbitrarily into those subjects whose maximum total 
HCl acid titration (lemon end point with Topfer’s reagent) exceeded 
bO m Eq per liter and those failing to reach this acidity In deahng 
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With each component we direct attention either to its concentration or 
to its rate of secretion depending upon which proves to be as a rule 
the more constant through the period of response to stimulus Fol- 
lowmg this cntenon we have directed attention to the concentration 
of chlonde and of potassium and to the rate of secretion of sodium, 
mtrogen, and add The results with respect to these components are 
shown m summary in table 2, supplemented by tables 3 and 4 and 


Acto 



r 10 20 ao 40 80 60 70 oo 


Fio 2 Rate or Acid Secretion in Hion Aero Group 

figures 2 to 7, for it is dear that the sigmficance of the course of the 
mdividual curves is somewhat masked in the presentation of table 2 
In the high aad group, the maximum response is about 30 mmutes 
after histamme, with rise of Cl~ and acid concentrations and fall of 
Na+ and N concentrations The rate of Na+ and N secretion are 
usually shghtly mcreased but the crest of these curves is earher, usually 
10 to 20 minutes after the stimulus 
In the low aad group the volume secretion nses durmg the first 10 
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minutes, as in the high acid group, but then begins to fall off The 
difference between the two groups lies not only m the marked difference 


No. 



fVllNUT ES 


Fig 3 Rj\te of Sodium Secretion in High Acid Group 
N 



NIin ote-s 

Fig 4 Rate of Nitrogen Secretion Expressed as m Eq NHj in High Acid 

Group 
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in rate of HCl secretion but m less tendency to a nse in rate of secre- 
tion of Na and N m the low acid group The correlation between N 
and Na+ secretion is a rather striking one as shown in figure 8 Since 
in this graph rates of secretion and not concentrations are compared a 
misleadmg apparent correlation due to dilution of both by increased 
secretion of HCl is avoided 

The K+ concentration is relatively constant throughout The 
chlonde concentration approaches at its maximum the figures of Carl- 



MlNUTtS 

Fig 7 Rate of Nitrogen Secretion Expressed as m Eq NHa in Low Acid 

Group 

son (1923) (150-165 m Eq per liter) on gastnc fistula juice from man 
and of Gamble and Mclver (1928) on jmee from fundic pouches m 
dogs but never quite reaches these values In the penods of lower 
stimulation, and especially in the low aad group, it may reach only 
35 per cent of these values In the low aad group, a chlonde concen- 
tration as low as 64 m Eq per liter was observed in a subject with 
active secretion amountmg to 31 cc per 10 mmutes If we interpret 
the gastric secretion as consisting of a mixture of an aad secretion 
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containing HCl 135 m Eq per liter and KQ IS m Eq per bter and a 
second mucoid secretion containing mucus, mtrogen, and NaCl, tbe 
evidence suggests that the NaCI concentrations in the mucoid secretion 
averages about SO m Eq per hter, which is much lower than the HCl 
concentration of the aad secretion, the low aad group under this 
interpretation is charactenzed by marked depression of the HCl secre 



■0 IB 10 3-0 

N lomln 

Fig 8 Coupakison op Ratz of Sodium and Nitiiogen Secretion in High 
Acid (i) and Low Acid (o) Groups 

tion, while the mucoid secretion with its mucus, N, and NaCl is only 
a tnfle depressed With this mterpretation one would have to postu 
late that both secretions contam potassium m about equal concentra- 
tion (10 to 20 m.Eq per hter) smce regardless of the character of the 
secretion, K+ concentration remams relatively constant Our meas- 
urements of total base by the method of Stadie and Ross were com- 
pared m SI specimens with the sum of Na+ and K+ measured mdivid- 
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le spKimcns for analysis were small and measured with great difTiculty oiving to the highly viscous mucus, these 

nilrTnlAr * 
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ually The difference, which includes the sum of the errors of the 
three methods, ranges from —4 to +15 m Eq per liter with a mean 
of +4 04 This mean figure agrees approximately with the few analy- 
ses made for Ca, givmg about 2 m Eq per hter, and for Mg, givmg 
about 1 mJEq per hter Total base concentrations in our data range 
from 18 to 101 m Eq per hter with vanations from period to penod 
m a given fractional study of from 10 to 65 m+kj per hter Atten- 
tion directed to total base concentration seems to us less lUummatmg 
than to K+ concentration and rate of Na+ secretion Total phos- 
phorus was measured m 18 specimens from 6 of the early cases studied 
In 11 specimens from 3 0 to 0 2 mM per hter of POi was found, and m 
7, less than 0 1 mM per hter It was higher m the fastmg contents 
It was not followed further 

We have measured the pepsin concentration m several of our obser- 
vations followmg histamine stimulation It suffices to record that no 
consistent correlation of pepsin concentration with curve of secretion 
or aadity was observed The pepsm concentration was as a rule 
more constant thxm either rate of secretion or aadity Sodium con- 
centration vaned from 2 to 81 m Eq per hter 

That histamme stimulates frequently the secretion of a jmce high 
m HCl, undiluted by test meal, is apparent both m our studies and m 
those of others As will be pomted out by Gammon and Mdler 
(1931) m a more extensive chmcal study of the histamme test it is 
probable that the conditions of the histamme test, lackmg as it does 
any dilutmg meal, do not afford opportimity for demonstratmg the 
tendency, which Michaehs (1926) pomts out as characteristic of the 
normal stomach, of secretmg enough aad to brmg the pH of its con- 
tents to a relatively constant value, mdicated by a free HCl of about 
20 to 40 mHq per hter If this be true, a most important regu- 
lating mechamsm, highly charactenstic of normal gastnc function, is 
masked under the conditions of the histamme test 

EXPERIMENTAL STUDIES 

For companson with the chmcal matenal, we studied with the same 
chemical methods the secretion of fundic pouches m dogs after stimu- 
lation by food and by histarmne For the preparation of these 
pouches we are mdebted to Dr I S Ravdm, Professor of Surgical 
Research 
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Dog I, male, eight 13 kilos, was operated upon on October 4, 1929 by Dr I S 
Ravdm who constructed a Pawlow pouch m the fundus of the stomach Juice 
was collected dunng the penods of study by continuous aspiration through a 
fenestrated tube introduced into the pouch and leading to a collecting bottle 
The animal i\ as fed once daily on an adequate ration of casein, sugar, lard, salts, 
and vitavose Weight uas maintained approximately constant and the dog 
remained in good condition 

Three feeding expenments (IFl, IF2, and IF3) x\ere conducted, in each of 
which, after commencing the collection of pouch contents, the daily feeding was 
given and the contents of the pouch collected, for 24 hours in the first tivo experi- 
ments and 10 J hours in the third These expenments Mere conducted on Novem- 
ber 15, November 25, 1929 and Januarj' 2, 1930 Two histamine experiments 
(IHl, and IH2) were conducted on November 19, and November 22, 1929 In 
these expenments the collection from the pouch w'as commenced in the fasting 
dog, histamine acid phosphate was injected subcutancouslj On November 19th, 
5 cc of 1 1000 solution were injected which resulted in marked conjunctival con- 
gestion and exatement, on November 22nd, 3 cc of 1 1000 solution were mjected 
and resulted in shght conjunctival congestion and a mild degree of restlessness 
The dog drank water frequently The collection was continued until the secre- 
tion had ceased which occurred after 3^ and 2} hours respectively 

Dog II, male, weight 11 5 kilos, was operated upon on October 11, 1929 bj Dr 
I S Ravdin and a Hcidcnham pouch constructed in the fundus of the stomach 
Studies were conducted m a manner similar to those on Dog I Two feeding ex- 
periments (IIFl and IIF2) were performed on November 15, and 25, 1929, and a 
histamine expenment (IIHl) on November 22, 1929 In the latter, 3 cc of 1 1000 
solution of histamine w ere given subcutaneously and resulted m conjunctival con- 
gestion, mild excitement, slight incoordination, and apparent confusion 

Because of great vanation in rate of secretion it was not considered 
practical to divide the collection over predetermined intervals In- 
stead the periods of collection were closed as sufficient juice for analysis 
had accumulated, the collecting tubes being emptied as completely as 
possible at the close of each penod and the time of each period noted 
The tabulation of the results is rendered somewhat difficult for this 
reason We have accordingly prepared Chart 1 in which each of the 
components is presented for each penod of each expenment either with 
respect to concentration or rate of secretion in horizontal blocks which 
represent the duration of the period and its location in time with 
respect to the stimulation by food or histamine In only one expen- 
ment, IF3, were we able to collect any secretion before stimulation 
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ChAET 1 ExPEEmENTS ON FUNDIC POOCHES IN DOO I, PaWLOW POUCH, AND 
Doo n, Hetoenhain Pooch 

F indicates stimulation by feeding, B, stimulation by hlstamme P Indicates 
the time of stimulation Figures show rate of eicretlon or concentration of the 
vanous constituents for the period m hours indicated by the position and length 
of the block in which the figure is placed Zero time, “P," mdicates the time of 
feeding or giving histamine. Dash in a block Indicates no measurement made 
during that penod 
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RESULTS 

Feeding expcnmenls 

Rate of secretion The secretion, except in expemnent IF3, began 
from 10 to 90 minutes after feeding In each animal the secretion 
began earlier m successive experiments, which suggests that nervous 
factors may have delayed the beginning of secretion in theearher 
experiments The secretion when established -was of many hours 
duration and was usually maximal at about 4 to 10 hours after feeding 
Chloride concentration remained almost constant through most of 
each experiment but there was a moderate fall toward the end of two 
of the experiments, IF3 and IIFl 

Total nCl was measured to the phenolphthalem end point Differ- 
ing in this respect from our studies on human gastric jmee, in the juice 
from the pouclics the sum of the equivalents of total HCl measured 
to phenolphthalem plus equivalents of total base agreed more closely 
w'lth the total chloride than did the sum of base and the total HCl 

W 

measured to the lemon point of Topfer’s indicator Buffer substances 
in the juice from the pouches and m our human gastnc juice would 
seem therefore to differ Total HCl ranged in concentration from 72 
to 145 m Eq per liter and w’as alw’ays above 91 in the first juice col- 
lected Free HCl values w'erc from 47 to 136 and above 68 in the 
first juice collected As could be expected from the moderate vana- 
tion m acid concentration the rate of acid secretion foUow'cd approxi- 
mately tlie rate of volume secretion 
Potass'iinn concentration when studied ranged from 6 to 16 m Eq 
per liter witli a tendency to lower values toward the close of the penod 
of secretion 

Sodium secretion followed almost the same curve as the acid and 
volume secretion, with a disproportionately lugh secretion in the rest- 
ing 12 hour penod studied at the end of IIFl In this penod the Na 
concentration was 67 m Eq per liter Otherwise the concentrations 
were from 6 to 25 m Eq per liter 

Nitrogen secretion was closely correlated with the Na secretion 
and both were high when the juice was conspicuously mucoid m char- 
acter 
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Htsiarntne expenmetils 

These experiments were charactenzed by an extraordmanly great 
outpouring of secretion dunng the first hour at a rate three or four 
tunes the maximum attamed after feedmg but ceasmg after 2J to 
3J hours The composition of the secretion was not significantly 
different from that wtuch followed feedmg The earher crest of so- 
dium than of aad secretion which we noted m the high aad group of 
our rliniral material is manifested by the data on Na concentration 
m experiment IHl and by the fact that the maximal aad concentra- 
tion occurred alwajfs m the penod foUowmg the maximum rate of 
volume secretion and of sodium concentration and secretion 

Expenmenl designed to separate secretion from fundus, pyloric end of 
stomach and duodenum 

Protocol On April 23, 1930, a dog of about 12 kilos weight which had been 
fasted 12 hours was anesthetised with amytal anesthesia. At 10 A M the abdo- 
men was opened. Four long jawed damps protected with rubber were applied 
to divide the lumen of stomach and duodenum mto three portions, care bemg 
taken to mterfere as little as possible with the blood supply The first dosed the 
oesophagus at its entrance to the stomach The second divided the fundus from 
the pylonc end of the stomach along a hne from the angulation of the lesser curva 
ture to the junction of the splemc and pancreatico^iuodenal arterial supply of the 
greater curvature The third oeduded the duodenum at the junction of first and 
second parts The fourth was placed a httle bdow the ampulla of Vater The 
common bile duct was hgated Bile was exdudcd from the duodenum, but not 
pancreatic juice Three small mosions were made admlttmg fenestrated tubes 
mto the fundus, the p\ lone end of stomach, and the duodenum opposite the am 
puUa of Vater respectivdv At 10 55 the stomach was emptied At 10 59 hista 
mme and phosphate, 2 5 cc. of 1 1000 solution, was mjected subcutrmeously Con 
tinuous aspiration from the three tubes was mamtained until 12 22 with collection 
of secretion as shown m table 5 Violent peristalsis was noted in stomach and 
duodenum begmnmg about 1 1 02 and persistmg with varymg intensity for most 
of the experiment 

Results In table 5 are collected the analytical data It is evident 
m this experiment that the secretion from the pylonc end was neg- 
ligible m quantity consisting of thick mucus The secretion of the 
fundus was similar m character to that of our dmical experiments 
and fimdus pouches It exhibited the crest of Na secretion early, 
followed by maximal aad seaetion later, as in our other experiments 
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It also showed the correlation of Na+ and N and the more constant 
K+ concentration 

STOQtARY 

The studies presented furnish direct measurement of the rate of 
Na and K secretion following histarmne stunulation in patients and 
after stimulation by both feeding and histamine in fundic pouches m 
dogs 

They indicate that the period of maximal sodium secretion after 
histamine is before the period of maximal acid secretion and not as 
the acid secretion is subsiding A late increase m Na secretion was 
inferred by MacLcan and Griffiths (1928) from the increase m neutral 
chlonde m the gastric juice during subsidence of acid secretion follow- 
ing various types of stimulus other than histamine The occasional 
increase in sodium concentration in this penod in our studies is due to 
fall in acid secretion and not due to increased rate of sodium secretion 
The rate of nitrogen and sodium secretion in the low acid group is 
approxunately the same as in the high acid group, not any higher 
Potassium from its constancy of concentration appears to be a con- 
stituent in about the same concentration m the gastric secretion 
whether this be highly acid or neutral 
The correlation in rate of secretion of sodium and of mtrogen sug- 
gests that they are constituents of one part of the gastric secretion, a 
part which appears to be mucoid in character 
Our results appear to be consistent with the studies of Gamble and 
Mclver (1928) and PoUand, Roberts, and Bloomfield (1928) 

The course of secretion in the fundus pouches is sufficiently hke that 
in the gastric contents of our patients to suggest that the major factor 
in determimng the character of the gastric secretion obtained m our 
patients is the secretion of the fundus 
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STUDIES ON THE NTTROGEN AND SULPHUR METABOLISM 
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EL Observations on the Nitrogen and Sulphur Exchietion in 
Patients without Renal Edema' 
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In the course of tlje studies on the nitrogen and sulphvir excretion in 
Bngtt’s Disease, we early found one patient who seemed to be con- 
stantly m negative sulphur balance, Whfle this patient was a mod- 
erately advanced nephritic at the tune of study, he differed m no 
essential particular from other patients with Bnght’s Disease and 
mtrogen retention A section of the experiment on this patient is 
shown m figure 1 Durmg this entire period this patient was m pos- 
itive mtrogen balance, was on a satisfactory diet in every possible 
respect, and was eatmg over two thousand calones This led us to 
search the other records for evidence of a similar condition, and we 
have been able to find m every patient with chrome nephritis without 
renal edema, penods of actual negative sulphur balance, taking mto 
account the urme alone In many experiments on normals, the pro- 
tocols of some of which are available m another pubbcation (1), no 
such negative balance even for one day was ever encountered. In a 
patient studied later, we happened to find a penod of transition from 
pxisitive to negative sulphur balance No thin g m the climcal condi- 
tion of the piatient could be found to account for this change. A por- 
tion of the expienment is shown m figure 2 

The plan of expienment was similar to that used m the previous 
study on patients with “nephrosis” (2) All these patients were on 
weighed diets The food mtake was not analyzed, but standard 

' This work was done under a grant from the Proctor Fund for the Study of 
Chronic Disease of Harvard Umversity 
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tables of composition were employed to calculate the dietary constit- 
uents including the water m the food To prevent a possible diuretic 
effect of water the total water intake, including the water in the food, 
was kept constant Refusals of food were weighed on the ward and 
the total intake calculated by subtraction The intake was essentially 



Fig 1 Case X Snows Constantly Negative Sulphur Balance 
Solid bncs show unnary output, dotted lines show intake 


constant as to mtrogen, sulphur, phosphorus, calories and water 
The diets were varied accordmg to therapeutic necessity m the various 
patients, and corresponded to the standard hospital diets contauung 
28, 40 and 60 grams of protein We thus had the advantage of keeping 
the patient on an approximate diet for a long time before the more 
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Fio 2 Case VI Shows Teansition fbou Postuve to Neoattve Sotphto 

Balance 

Solid lines show urinary output, dotted lines show mtate 


nitrogen, sulphur and phosphorus ran almost exactly parallel and the 
levels are suffiaently mdicated m the figures 
Analyses of the unne were done daily for creatmme by the Folm 
method (3), total mtrogen by the Folm modification of the Kjeldahl 
method (3) and total sulphur by Fiske’s benzidine method (4) For 
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technical reasons the sulphur and nitrogen of the feces was not deter- 
mined The addition of this figure would merely emphasize the 
negative sulphur balance and would increase the number of days m 



Fig 3 Nitrogen (Lower) and Sulphur (Upper) Intake and Output in Six 
Patients mutii Chronic Nephritis ivithout Renal Edema 
Each column represents three days Shaded sections mdicate output, unshaded 
intake Number of period (cf table 1) shoum at each column 

which actual negative balance existed in the bodies of these patients, 
as there were a good many where the sulphur excretion m the unne 
alone was almost equal to the intake 
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In figure 3 are shown the mtrogen and sulphur output and intake m 
selected penods from six patients with chrome nephntis, without renal 
edema The shaded portion of the figure represents the output, the 
unshaded portion the mtake Each column represents a three day 
penod The dates of the penods of study are indicated m the table 
and correlation with the patient’s climcal condition may be made by 
reference to the appended case histones These are arranged, as 
were those previously presented (2), in a descending senes according 


TABLE 1 

Additional data on periods shown tn Jignre 3 and data on patients while in fositne sulphur 

balance 


PerkkI 

CaH 

Dumber 

of period 


^output 

Blood 

B 

Blood presfure 

chart 


altroetD 

SptoUe 

DImoUc 






mfm Hr 

too a 

feruni 


mwu Ui 

1 

VI 

Mireh 2I-2S 

11 8 

6 0 


40 

110-144 

62-86 

2 

XI 

October 26-29 

9 6 

7 2 

10 

60 

120 

82 

3 

X 

October 14-17 

10 8 

4 3 

16 

10 

160-182 

90-110 

4 

vn 

April 7-10 

11 9 

9 1 

7 

22 

160 

114 

5 

IX 

August 18-21 

10 1 

8 7 

13 

20 

224 

142 

6 

vm 

January 14-17 

10 4 

6 9 

18 


120 

80 


VI 

March 15-14 

12 8 

13 8 


42 

mVsM 

80 


VI 

March 20-21 

12 6 

13 1 



120 

80 


xn 

March 2-3 

12 6 

10 

15 

14 

223 

162 


TO 

April 4-5 

13 6 

115 

7 


160 

114 


TO 

March 31-April 1 

12 5 

13 4 


32 

150 



vm 

January 25-26 

11 1 

22 3 

13 

25 

m 

68 


IX 

August 27-28 

14 6 

9 2 

15 

20 

104 

68 


* These period* are not charted but indicate the — ratio during positive sulphur balance. 


to the mtrogen intake. There it will be noted that the relationship 
of mtrogen m the unne to the mtake is approximately that usually 
stated to be normal, whereas the sulphur output exceeded the mtake 
distmctly and m two cases by a very considerable amount It is 
perhaps worthwhile to call attention to the mtrogen sulphur ratios m 
this experiment. It is obvious that they are very low mdeed We 
have also compared the ratios dunng this penod of negative sulphur 
balance with the mtrogen sulphur ratios dunng penods of more nor- 
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mal sulphur excretion (cf table 1) We found that the tendency was, 
on the whole, for the nitrogen-sulphur ratios to be low or normal and 
in only one case were we able to find a high ratio comparable to those 
reported m patients wth “nephrosis ” The mtrogen-sulphur ratio 
of the intake, of course, was approximately the same It is obvious 
that we have a stnkmg contrast here, to the picture shown by patients 
with the nephrosis syndrome 

In the previous work, it was pointed out that the type of protem 
excreted dunng the nephrosis syndrome suggests a mobihzation and 
excretion of deposit protein Here the reverse appears to be the case 
It seems unhkely that we arc dealmg only with a vanation in the 
selective secretion of mtrogen and sulphur dependent solely on the 
kidney lesion For example, in the first case charted, if the excretion 
of sulphur be taken to represent protem, we must account for the 
mtrogen left behind when this extra sulphur is excreted Were tbs to 
be represented in the form of nonprotein nitrogen, the nonprotem 
mtrogen of tbs patient’s blood should have risen on the average of 
4 mgm per 100 cc per day during the period pictured on the chart. 
Tbs did not occur Of course, such mtrogen may be in the tissues or a 
type of deposit mtrogen may have been built up poor in sulphur All 
tbs, however, is entirely hypothetical but the foregoing is presented 
as an example of what we must postulate if we assume that the phe- 
nomenon here presented is due to a selective excretion on the part of 
the kidney It seems to us easier to consider tbs phenomenon and 
the related one in the nephrosis syndrome as evidence of a defect in the 
intermediary sulphur metabolism 

SUMMARY 

1 The mtrogen and sulphur excretion of seven patients without 
renal edema were studied while these patients were on a diet constant 
as to mtrogen, sulphur, phosphorus, calories and water 

2 It IS demonstrated that there is a strong tendency for these 
patients to go into negative sulphur balance while remaimng in posi- 
tive mtrogen balance 

3 The N S ratio in the urme of such patients tends to be low even 
when they are in positive sulphur balance 

4 A contrast between the sulphur excretion m these patients and 
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those exhibiting the nephrosis syndrome suggests very strongly that 
there is a defect in the intermediary sulphur metabolism m patients 
with Bnght^s Disease. 


CASE HISTORIES 

C(ue VI Medical number 31861, a white male, aged 17, was admitted to the 
hospital on January 19, 1928, with the complaint of edema. Past history is 
unimportant except for one attack of tonsillitis followed by a tonsillectomy eight 
years ago The present illness began the middle of December, 1927 with general 
malaise, followed on January 3 by a swclimg of the right knee with pam but without 
fever The knee was not red There was considerable abdominal pam and three 
days later, he noticed a swelling of the face. There have been no other symptoms 
Physical examination showed normal fundi, a diastolic murmur m the third left 
interspace and the associated signs of aortic insufficiency Blood pressure, 130 
systobc and 74 diastolic. There was edema of the symphysis and sacrum and a 
definite fluid wave was made out Hands and legs both showed edema, Hemo- 
globm was 85 per cent, red blood coimt, 5,000,000, white blood count, 12,450 
Urine showed a large trace of albumin, a very large number of red blood cells and 
many granular and hyalme casts Phthalem excretion was 50 per cent, blood urea 
mtrogen, 31 mgm per 100 cc, Wassermana, negative He was put on a low 
protein diet and by January 30, had lost 114 kgm. Urine contmued to show a 
large amount of albumin and many red cells Blood pressure varied between 110 
and 144 systobc, with a diastobc of 62 to 86 Phthalein excretion varied between 
40 and 50 per cent The red cells gradually cleared up, and he was discharged the 
middle of April 

CaseVII Medicalnumber 32195, a8inglcwhitcfemaloof24 years, entered the 
hospital on March 8, 1928 complaining of blumng of vision She had had scarlet 
fever at 5, and 6 years ago following a severe cold, was admitted to the Massa 
chusetts General Hospital complaining of edema of the ankles She was there for 
6 weeks, and smee then has been free of QTnptoms Three weeks ago, she first 
noted blumng vision foUowmg a cold m the chest, and at the same time had a 
sharply localized headache rcbeved by vomiting The disturbance of vision has 
gradually improved When seen m the hospital, bjood pressure was 175 systolic, 
125 diastolic There was a moAed albuminuric retinitis, heart was enlarged but 
regular Hemoglobm, 80 per cent, red blood count, 4,620,000 The unne showed 
a trace of albumm, large number of casts of all kmds Blood urea mtrogen was 
8 4 There was practically no change in the unnar> picture The blood urea 
nitrogen never rose dunng this admission Blood pressure fell somewhat, but rose 
just before discharge to 168 systobc, 122 diastolic. Phthalem excretion varied 
between 15 per cent shortly after admission to 32 per cent on discharge. She was 
discharged on April 23 and died September 10, 1929 
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Case VIII IMedical number 31781, a white female of 15 years, w'as admitted 
to the hospital on January 10, 1928 She was first seen m the Out-Door Depart- 
ment on December 30, with a hemoglobm of 50 per cent, the unne showing a large 
trace of albumin She had always been well up to three years ago, when she 
noticed a sudden swelling and puffiness about both eyes and ankles She had no 
respiratory infection She went to the Boston City Hospital for a two weeks’ 
stay, then left, but the edema returned 3 months later, m February, 1925 when she 
again w'ent to the Boston City Hospital and remained there for 4 weeks The 
edema returned 2 weeks after this admission, but gradually disappeared, and from 
September, 1926 to August, 1928 she w'as free of edema At that time, 5 months 
before admission, she began to lose weight and it was noticed that she was gettmg 
paler On admission, hemoglobin w'as 35 per cent, red blood count, 3,160,000, 
white blood count, 6300 Blood pressure, 120 systolic, 80 diastohc Urme 
showed a large trace of albumin, a moderate number of red cells, but no casts 
Phthalem excretion was 10 per cent, blood urea nitrogen 18 Blood pressure re- 
mained low Phthalem excretion rose to 32 per cent on Februarj 13 Red 
cells in the unne diminished and numerous hyaline and granular casts appeared 
Januaiy 19 her hemoglobin had nsen to 60 per cent but her red blood count was 
2,980,000 She left the hospital on Februan 14 

Case IX Medical number 35349, a white female of 47 years, entered the 
hospital on August 5, 1929 complaining of edema She had noticed this for 3 years 
becoming progressively w orsc She had pain under her left breast at times, which 
did not radiate, but she had attacks of a sense of pressure m her chest, espeaally at 
night She had become progressive!}’- weaker and had shown some loss of weight 
in the past 3 years Lately swelhng of the legs and ankles and headaches have 
developed, togctlicr with nausea and anorexia Eleven months ago she noticed 
that her vision w as bcginmng to fail Phi’sical examination showed very exten- 
sive retinal changes wnth sclerosis of the vessek, and exudate and hemorrhages 
Heart was enlarged as w'os the aortic dullness, the rhythm w'as regular and no 
significant murmurs w’crc heard Blood pressure, 225 systohe, 140 diastohc 
Unne show cd small amount of albumin, many red cells and a great many casts of 
all kinds She W'as digitalized Hemoglobin was 62 per cent, red blood count, 
4,700,000, blood urea mtrogen, 28 mgm and phthalem excretion, 40 per cent By 
August 13 blood urea nitrogen had fallen to normal figures, blood pressure remamed 
at about the admission level, phthalem excretion became stabilized at 25 per cent 
and edema had disappeared The unne showed much the same picture except 
that fat appeared m the urme on August 23 She was discharged on September 3, 
blood urea mtrogen, 11, phthalem excretion, 25 per cent She re-entered on 
December 18, 1929 with the typical picture of congestive heart failure By 
December 24, renal insufficiency compheated the picture, the phthalem excretion 
being 5 per cent, blood urea nitrogen havmg nsen to 25 She died m uremia 
January 7, 1930 
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Case X Medical number 35649 A white male, aged 35, admitted to the 
hospital on September 28, 1929 complaining of headaches and vomiting spells 
He had been known to have ‘‘kidney trouble” smce 1908, when his feet and legs 
were swollen for a month About a year ago, he noticed a feeling of ill health and 
an mcrease m his headaches, which he had had dunng this period, vomitmg 
became more severe and of longer duration and has been almost constant m the 
last 4 months Eight >ears ago he had an attack of what was called mfantile 
paralysis with almost complete bilateral facial paralysis with only sbght symptoms 
in the arms and legs The faaal paralysis lasted 6 months Physical examination 
showed only a sbghtly enlarged heart, hemorrhagic rehnltls, blood pressure, 182 
systohc, 110 diastobc, phthalem excretion was only a trace, hemoglobin, 30 per 
cent, red blood count, 3,200,000, blood urea mtrogen, 52, basal metabolic mte, 
min us three per cent He improved symptomatically Unne showed a low 
specific gravity, a sbght trace of albumin and no formed elements of importance in 
the sediment On October 10, his phthalcin excretion was less than 5 per cent, 
blood urea mtrogen, 32 mgm per 100 cc , hemoglobm, 50 per cent, red blood count, 
3,750,000 On October 14, his blood urea nitrogen feU to 16 and his phthalein 
excretion rose to 10 per cent A week later blood urea mtrogen was agam 53 mgm , 
the urme showed a alight trace of albumin and many coarsely granular casts His 
blood urea nitrogen vaned between SO and 27 and his phthaleJn excretion between 
10 and 15 per cent By the 31at of October, red blo^ cells had appieared m the 
sediment which persisted. On November 7, total blood protem was 7 6 per cent, 
albumin S, globulin 2 6 He was discharged and readmitted m January, 1930 and 
died on April 22, 1930 He died in uremia with a blood urea nitrogen of 273 At 
autopsy the right kidney was contracted, weighmg only 60 grams, and the left 
kidney was almost entirely replaced by a cystic degeneration 

Case XI Medical number 35758, a white female, aged 16 years, admitted to 
the hospital on October 17, 1929, complaining of swellmg of the ankles and pufimess 
of the eyes and headaches for 5 years The onset was sudden 5 years ago During 
the last 2 years, has had at intervals of 6 weeks to 2 months, attacks of nausea 
and vomiting Physical exammation, at entrance, showed a hemoglobm of 80 
per cent, red blood count, 5,200,000 There was a sbght pitting edema of the 
ankles, heart was not enlarged, blood pressure, 150 systolic, 100 diastobc Urme 
showed many casts and sbght trace of albumm Phthblein excretion, 50 per cent, 
blood urea nitrogen, 13 On October 24 basal metabolic rate was inmua ten per 
cent, and on October 25, total protein was 7 8, albumin 5 6, globulin 2 2, cho- 
lesterol, 153 The urme continued to show slight trace to a large trace of albumin, 
with many casts Blood urea nitrogen ranged around 10 mgm per 100 cc and 
blood pressure had fallen until at discharge it was 122 sy-stollc, 88 diastolic 
Patient was discharged on November 15, 1929 

Case XII Medical number 34368, a white male, aged 49 years, admitted to 
the hospital February 21, 1929 complaining of exhaustion and head pabis During 
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the past year, the patient has felt generally tired but he has been able to rest and 
has been refreshed in the morning Has been working extremely hard and has 
explained his general weakness on that basis About the latter part of December, 
1928 patient had a mild winter infection, following which he was extremely weak 
and was kept in bed 2 weeks Since that time, his sleep has been interrupted and 
broken, and he has had extreme nocturia nhich he had attnbuted to nervousness 
For the last 6 weeks there has been a persistent sense of weakness andgenerahaed 
headache v hich has been present part of each day There have been no other 
sjnnptoms except that he has blown repeated clots of blood from the nostrils 
during the last w cek No true cpistaxis Phj'Sical examination show s no enlarge- 
ment of the heart, which is regular Retinal vessels show' edema of both nerx'e- 
heads and the retinal vessels are very tortuous, veins dilated, and some recent 
hemorrhages are seen Blood pressure, 236 systolic, 156 diastohc Gradually 
improved on rest in bed, blood pressure at one time being as low as 200 systohe, 
128 diastolic The edema of the retinae subsided and his headaches duninished m 
intensity Unne constantlv showed a trace to a large trace of albumin, and some 
fixation of speafic gravitj' Phthalein excretion on admission was 12 per cent 
There were constantly numerous casts of all sorts in his unne Hemoglobin was 
80 per cent, red blood count, 4,900,000 on March 19 On March 1, total protem 
was 4 2, albumin 3 1, globulin 1 1 Blood urea on March 12 was 15 mgm , blood 
uncacid6 6 BloodcrcatimnonMarch 15 was3mgm ,blooduncacid5 6 On 
March 19, the blood nonprotcin nitrogen was 39 mgm per 100 cc Patient was 
discharged on March 20 Blood pressure had returned to level of 224 svstohe, 
150 diastohc He died Apnl 23, 1929 
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ICTERUS NEONATORUM 

IV The R6le oe the Placenta in Visible Icterus Neonatorum 
B v R. GOTTLIEB and P J KEARNS 

(From the Department erf iledlcrne, McGill Untverstiy Clinic, and the Rcryad Victoria 
Maternity Hospital, Montreal) 

(Received for publication January 24, 1931) 

In three previous pubhcations on icterus neonatorum one of us (1) 
has demonstrated that the polycythaemia m the new-born is due 
probably to an anoxaemia of the foetus in utero and is an expression of 
compensation by the active haematopoietic system After birth the 
excess of red blood corpuscles is rapidly destroyed, smee they are no 
longer reqmred for the mamtenance of oxygenation The rapid blood 
destruction leads to an mcrease of the bHirubm m the serum and 
jaundice 

We concluded that “icterus neonatorum is a physiological condition, 
which IS the result of a postnatal readjustment from an environment 
requiring the presence of polycythaemia for the mamtenance of oxy- 
genation to one m which no such extraordinary measures are necessary 
Icterus IS present m aU infants, visibihty bemg only a matter of 
degree ” 

Although we contend that visible jaimdice is but the final result of 
the conditions existing m the new-born infant, it may be that there are 
certam other factors which in some cases will make visible jaundice 
a more prormnent feature 

The natural weakness of the placenta as a respiratory organ, m 
companson with the lung, and its tendency to marked degenerative 
changes, suggested to us a possible source for an mtensification of the 
degree of foetal anoxaemia, polycythaerma and resultant icterus 

We therefore studied the relation of the condition of the placenta 
to the degree of jaundice m 85 consecutive new bom mfants 

The method of procedure was as follows As soon as the infant was 
bom and before dehvery of the placenta a sample of umbilical blood 
was taken, A complete morphological study of the erythrocytes was 
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made and the bihrubin content was estunated by the Van den Bergh 
reaction These studies were repeated daily in the mfant for one week 
and the appearance of visible jaundice was watched for carefully 
Sections of the placenta were taken in each case and thoroughly 
studied 

The degree of jaundice as well as the changes in the placenta were 
classified in three groups mild, moderate and severe 

TADLE 1 

ShOiViHg ntimhcr of subjects tn each group 


riaccntal changes 



None 

Mild 

Moderate 

Sc\ ere 

Total 

Jaundice not visible 

31 

9 

0 

0 

40 

Jaundice visible 

14 

9 

12 

10 

45 

Total 

45 

IS 

12 

10 

85 


TABLE 2 

Relation of polycythaemta and btltrubtnacmia at birth to the condition of the placenta tn 

S5 cases 


riacental changes 



None 

Mild 

Moderate 

Sei’ert 

Jaundice not visible 





Red blood cells, millions 

5 21 

5 25 



Hemoglobin, per cent 

102 

102 

i 


Van den Bergh units 

2 8 

2 8 



Jaundice visible 





Red blood cells, millions 

G 20 

5 90 

6 55 

7 11 

Hemoglobm, per cent 

116 

no 

118 

122 

Van den Bergh units 

5 5 

4 2 

5 7 

6 8 


Placentae classified as “mild degenerative changes” showed no 
macroscopic pathology Microscopic sections showed numerous 
partly or completely hyalinized volh affording evidence of advancmg 
senile change in the vascular tree Those classified as “moderate 
degenerative changes” showed macroscopicaUy whitish infarcted areas 
or scattered soft sequestra of tissue and microscopically either large 
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hyalmized areas of viUi, sometimes with productive changes m the 
chonomc membrane, or irregular areas of mtemUous congestion, 
evidence of early maternal infarction Those descnbed as “severe 
degenerative changes” showed macroscopicaUy relatively thick, 
greyish fnable placentae with large whitish or mfarcted areas or large 
soft sequestra as evidence of maternal mfarction Microscopic 
exammation substantiated this 

In 40 out of the 85 cases studied, changes m the placenta were found 
In 31 of these 40 cases visible jaundice was present, that is in 78 per 
cent of these cases with changes m the placenta, while 9 cases or 22 
per cent did not show any visible jaundice The changes of the 
placenta m these 9 cases were, however, all m the group of “mild 
changes ” 

In 45 of the 85 cases, visible jaundice was present, 31 of them had 
changes m the placenta, that is 69 per cent of aU the cases exhibiting 
visible jaundice, while 14 cases or 31 per cent did not show any pla- 
cental changes 

Table 1 shows the relation of jaundice to the condition of the 
placenta 

The relation of the polycythaemia and bilirubinaemia is demon- 
strated in table 2 

From this table one can see that changes of the placenta would 
appear to lead to an mcrease m the foetal polycythaerma as well as 
the foetal bilirubmaemia That is espeaally the case where the 
placental changes are well marked, as m the group of the moderate and 
severe changes 

DISCXrSSION OF FINDINGS 

From the above findings it can be seen that changes of the placenta, 
if marked enough, lead to an exaggeration of the prenatal conditions, 
that IS an mcrease m the foetal polycythaemia and bfiirubmaetma or, 
m other words, marked changes of the placenta dimmish its respiratory 
abfiity, mtensifying the already existmg foetal anoxaerma, which m 
turn caUs forth for an mcrease m the compensatory polycythaemia 
In the process of adaptation to postnatal conditions m these cases it is 
qmte obvious that the greater amount of red blood corpuscles offered 
for destruction will cause a deepenmg of the jxistnatal mcrease of the 
bfiirubmaemia and eventually lead to visibihty of the jaundice 
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The 14 cases of visible jaundice without changes in the placenta, on 
the other hand, show that placental changes, although an important 
factor in intensifying the degree of icterus neonatorum, are not 
responsible in every case Other factors as yet unknown may come 
into play 

CONCLUSION 

Pathological changes in the placenta are associated with an increase 
in the foetal polycythaerma, with a subsequent increase in the degree 
of icterus neonatorum, making its visibility a more marked feature 
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STREPTOCOCCAL AGGLUTININS IN CHRONIC 
INFECTIOUS ARTHRITIS^ 
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{From ihe Second (Corned) Medical DhUion and the Patholo^al Laboratories oj BeJlevnt 
Hospital, the Corndt Cltntc and the Department of Medmne Cornell Unhersily 
Medical Colte[e, New Yorh) 

(Received for publication December 12, 1930) 

The development of specific agglubmns m the course of acute or 
chrome infections has long been recognized as one of the most constant 
and characteristic of the phenomena which follow bactenal invasion 
of the animal organism Indeed, this biologic reaction is such a 
well mgh umversal concomitant of infection that it has come mto 
wide use chmcally as a diagnostic measure 

In a previous paper, the wnters (1), m collaboration with R L 
Ceal, have reported the isolation of streptococci from the blood and 
joints of a high percentage of patients with chrome infectious arthritis 
Eighty three and three-tenths per cent of the streptococcal strains 
thus isolated were culturally identical and were designated as “typical 
strains ” Somewhat to our surprise, these “typical strains” were 
cross agglutmated by homologous immune rabbit serums These 
observations naturally led to a search for streptococcal agglutimns m 
the serums of patients with chrome infectious arthritis, and the 
present commumcation embraces the results obtained m this 
mvestigation 

METHODS 

1 Aggluhmlton tests The anbgen consisted of a 24-hour growth 
of a stram of streptococcus m beef heart infusion broth (pH 7 6) 
Five tenths cubic centimeter of the bactenal antigen was added m 
turn to a senes of agglutmation tubes each containmg 0 5 cc. of the 
diluted serum The dilutions were made m plain broth and the final 

1 Thu investigation was supported m part by the Committee for the Encourage- 
ment of Medical Research 


323 



324 


STREPTOCOCCAL AGGLUTININS IN ARTHRITIS 


dilutions were 1 20, 1 40, 1 80, 1 160, 1 320, 1 640, 1 1,280, 1 2,560 
and 1 5,120 The controls consisted of normal serum and broth 
without serum The tubes were heated m a water bath at 56°C for 
2 hours, placed m the refrigerator overnight and read the following 
mormng The highest dilution in which defimte agglutination was 
observed was recorded as the agglutination titer Most of the agglu- 
tination tests were earned out by the operator without any knowledge 
of the identity of the serums 

At times there was a tendency for the cultures to become granular 
This difficulty was oi^rcomc by successive passages of the strepto- 
coccal strain tlirough blood broth for several days before finally 
transferring it to plain broth 

2 Absorphou tests Five tenths cubic centimeter of a 1 5 dilution of 
the serum in broth was added to the sediment from 150 cc of a 24- 
hour broth culture of the streptococcus The mixture was thoroughly 
shaken and placed for 2 hours in a water bath at 37°C where it 
received further shaking at frequent intervals The mixture was 
then placed in the refrigerator overnight, and m the morning it was 
centrifugahzcd and the supernatant fluid removed Agglutination 
tests were then earned out with the absorbed serum, usmg the same 
dilutions as m the ongmal reactions Control tests were earned 
out witli unabsorbed serum All tlic tubes were then heated for 2 
hours in a water bath at 56°C Readings were made the following 
morning 


Chrome iiijcctwus arthnUs 

The type of patient investigated presented the syndrome generally 
known as chrome infectious arthritis or rheumatoid arthritis, namely, a 
chronic progressive polyarthritis with swelhng and often mth some 
deformity and ankylosis of the joints affected The fusiform swelhng 
of the fingers is a charactenstic physical sign 
Agglutination reactions were carried out with the serums from 110 
cases of chrome infectious arthntis against “typical stram” strep to- 
coca which had previously been recovered from the blood or jomts 
•of patients with this disease Vanous “typical strains,” but espeaally 
strain AB13, were used in these studies Of the 110 serums exammed, 
103, or 93 6 per cent, showed defimte agglutination with “typical 
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arthritic changes only, none of the joints showed soft tissue sweUing 
and x-rays revealed the characteristic hypertrophic changes in the 
bones Of these 16 cases, 9, or 56 3 per cent, showed no agglutination 
whatever with “typical strain” streptococa, the remaining 7, gave 
very weakly positive reactions, 3 at a titer of 1 20, 2 at a titer of 1 40, 



DILUTIONS OF SERUMS 

■ CHRONIC INFECTIOUS ARTHRITIS 

~ — ACUTE TONSILLITIS - ACUTE BRONCHITIS 

ACUTE RHEUMATIC FEVER 

- OTHER FEBRILE DISEASES 

DEGENERATIVE ARTHRITIS 
- - — - OTHER NON-FEBRILE DISEASES 
NORMAL INDIVIDUALS 

Chart 1 Total Agglutinations iitth Patients’ Seruus Against "Typical 

Strains’’ 

and 2 at a titer of 1 80 (table 1, chart 1) Probably these weakly 
positive reactions have no significance In view of the fact that, in our 
expenence, streptococci have never been recovered from the blood 
and joints of patients with degenerative arthritis, the absence of 
streptococcal agglutimns in the latter group of cases is qmte consistent, 
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and in striking contrast to the strong reactions obtained in cases of 
chronic infectious arthntis 

An interesting control group consisted of 8 patients suffering from 
acute tonsilhtis or acute bronchitis The serum of one of these, a 
case of acute bronchitis, agglutmated with “typical strains” to a titer 
of 1 2,560, while the lowest agglutination titer recorded for this group 
of patients was 1 80 (table 1, chart 1) The serums of some of these 
patients gave agglutmation reactions comparable to the serums of 
patients with chrome infectious arthritis, although the average titer 
for the upper respiratory infections was considerably lower These 
observations were particularly interestmg m view of the frequent 
association of infections of the upper respiratory tract with chrome 
mfectious arthnbs 

Twenty-seven patients with febrile conditions other than rheumatic 
fever and acute upper respiratory infections were tested for specific 
agglutmms against “typical strains” of streptococa This group 
included cases of jaundice, pleunsy with effusion, acute nephntis, and 
pneumoma The serum of only one of these, a jatient with acute 
nephntis, gave an agglutination titer as high as 1 640, 15, or 55 per 
cent, showed no agglutination whatever, while the remaimng cases 
showed only weakly positive reactions (table 1, chart 1) The nega- 
tive or weakly positive results obtamed from this group of controls 
would appear to mdicate that the agglutmation observed m patients 
with chrome mfectious arthntis cannot be looked upon as a physical 
phenomenon indicative of infecbon m general but as a specific reachon 
to streptococcus infection. 

The serum of 41 pabents with non febnle diseases other than 
arthnbs were studied m the same way This group consisted of 
pabents with new growths, hypertension, and other non febnle 
diseases Only 2 of the 41 cases gave an ag^utmabon of 1 640 or 
higher, 22, or S3 7 per cent, showed no agglutmabon, while the 
remainder gave posibve agglutmations only in the lower dilubons 
(table 1, chart 1) 

The serums of 47 normal persons were studied in the same manner, 
37, or 78 7 per cent, faded to show any agglubnabon whatever with 
the “typical strain” of streptococcus The highest agglubnabon bter 
recorded for this group was 1 160, a bter which has httle, if any, 
sigiuficante (table 1, chart 1) 
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The serums of 6 healthy rabbits failed to show any agglutmation 
with “typical strain” cultures 

Chrome polyarthnhs follovnng rhetmatic fever 

During the course of this investigation, the serums of 3 patients 
with chrome polyarthritis following rheumatic fever were studied for 
the presence of streptococcal agglutinins All 3 patients gave histones 
of one or more attacks of rheumatic fever ChnicaUy these three cases 
presented a picture indistinguishable from that of chrome infectious 
arthntis except for the presence of endocarditis presumably rheu- 
matic The agglutination titer ivith “typical strain” cultures was 1 80 
in one case, and entirely negative in the other two cases As will be 
shown in a subsequent communication, these patients showed strongly 
positive agglutination reactions with a streptococcus recovered from 
the blood of a patient with acute rheumatic fever 

D%sappcarancc of streptococcal agghdtnvis after recovery from chrome 

infectious arthritis 

In 3 patients who recovered from chrome infectious arthritis, a 
comparison of the agglutination reactions vith the “typical strain” of 
streptococcus during the course of the disease was made with the 
reactions in the same patients after recovery from the infection 

A brief summary of the 3 cases is presented 

M P , female, aged 27, chronic infectious arthntis of 2 years’ duration Agglu- 
tinabon titer i\ath “typical strain” 1 1,280 Tonsillectomy performed, folloiimg 
which patient became free from sjTnptoms Three ceks after tonsillectomy the 
agglutmation titer was 1 320, one year after, the agglutmation test was entirely 
negative 

M D , female, aged 30, chronic mfeebous arthnbs of 3 months’ durabon, 
agglutmabon bter with “typical sbam” 1 1,280 Tonsillectomy performed, 
foUowmg which pabent completely recovered from arthntis Three weeks after 
tonsillectomy agglutmabon bter was 1 40, 3 months after, the agglutmation bter 
was entirely negabve 

S W , male, aged 50, chrome mfeebous arthntis of 3 months’ durabon, agglub- 
nabon bter with “typical stram” 1 2,560 Tonsillectomy performed, foUowmg 
which pabent became free from acbve disease Three months after tonsillectomy 
agglutmabon test was entirely negabve 
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SUlhihty of the streptococcal agglnttmns 

Agglutination reactions were performed on the serums of patients 
suffenng from chronic infectious arthntis with “typical strams,” at 
approximately weekly intervals up to 90 days, in order to determine 
whether or not the serums retamed their agglutimns for these strepto- 
coca over an appreaable length of time Durmg this penod the 
serums were kept m a refngerator at almost freezing temperature. It 
was found that the agglutinating property did not dimimsh perceptibly 
durmg the entire 90 days 

Streptococcal aggluhnuts tn joint fluids 

AgglutmaPon reactions with “typical strains” were earned out on 
the joint fluids of 3 patients with chronic infectious arthntis The 
technic for testmg the joint flmds was similar in every respect to that 
employed for serums The agglutination titers were surpnsmgly 
high, 1 640, 1 2,560, and 1 5,120, respectively The only control 
joint fluids available were from 4 patients with acute rheumatic fever 
The agglutination reaction m each of the controls was entirely 
negative 

Spcaflcity of the agglutination reactions 

It has already been shown that the serums of patients with chrome 
infectious arthntis agglutmate to a high Pter with “typical strams ” 
In order to check the speafiaty of these reactions, agglutmaPon tests 
were performed with the serums of pmpents with chrome infectious 
arthntis against vanous pathogenic orgamsms This work was 
controlled with the serums of patients havmg rheumatic fever, sub 
acute bactenal endocardiPs, and acute tonsilhtis and with the serums 
of normal mdividuals (table 2) 

As was espected, “typical strain” AB13 showed the usual high bters 
of agglutmaPon with the serums of pabents with chrome infectious 
arthnbs Much to our surprise, a Streptococcus henwlyttais from ^ case 
of scarlet fever and a Streptococcus hemolyticus from a case of erysipelas 
gave agglutmapon Pters with the arthnpe serums comparable to that 
given by the “typical stram” streptococcus, although on the average 
the end reaePons were at lower diluPons A rheumaPe fever strain 



TABLE 2 

Tiler of agglutmaUon reactions of various pathogenic organisms anth the scrums of patients mith chrome infectious arthritis and of controls 
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Bactenal antigens 
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0 
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1 320 
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1 640 
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AB13 

1 5,120 

1 5,120 

1 5,120 

1 2,560 

I 1,280 

1 5,120 

1 1,280 

1 1,280 

1 80 

0 

1 80 

0 

0 

1 80 

0 

0 

1 160 

0 

0 

0 

0 

1 40 

1 20 

Disease 

Chrome infectious arthntis 
Chrome infectious arthritis 
Chrome infectious arthritis 
Chrome infectious arthritis 
Chrome infecbous arthntis 
Chrome infectious arthntis 
Chrome infectious arthntis 
Chrome infectious arthntis 

Acute rheumatic fever 

Acute rheumatic fever 

Acute rheumatic fever 

Acute rheumatic fever 

Acute rheumatic fever 

Subacute bactenal endocarditis 
Subacute bactenal endocarditis 
Acute tonsdhtis 

Acute tonsdhtis 

Normal person 

Normal person 

Normal person 

Normal person 

Normal person 

Normal person 

Patient 



AB13 - “typical stnun” streptococcus, Sc Fv = scarlet fever streptococcus, Erysip = erysipelas streptococcus, RB5 = rheumatic 
fever streptococcus. Pm 1 = pneumococcus type 1, Pn 2 = pneumococcus type 2, Pn 3 = pneumococcus type 3, S albus = Staphylo- 
coccus albus. Strep th. = hemolytic streptococcus from the throat, B cob = Bacillus coh, S aur = Staphylococcus aureus. 
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of Slreplococctts vtndani (RBS) showed weakly positive reactions with 
arthntic serums, hut the titers were only slightly higher than those 
given by this streptococcus agamst normal serums With the excep 
tion of the streptococa from chrome mfectious arthntis, scarlet fever, 
and erysipelas, the vanous bactenal antigens tested showed only 
insigmficant reactions The serums from patients with other infec- 
tions and from normal persons gave agglutination reactions of httle 
importance except m the case of the rheumatic fever stram RBS which 
showed strong agglutination reactions with the serums from cases of 
rheumatic fever and subacute bactenal endocarditis 

The agglutmation tests with the serums of patients havmg chrome 
mfectious arthntis agamst “typical stram” AB13, the scarlet fever 
streptococcus and the erysipelas streptococcus were controlled by 
direct absorption tests These were pierformed by absorbing each of 
the arthntic serums with cultures of each of the three hemolytic 
streptococa Agglutination tests were then earned out with the 
absorbed serums agamst their absorbmg strains Unabsorbed serums 
were used as controls Complete or almost complete absorption was 
effected m each case 

The nature of the agglutimns m the serums of patients with chrome 
infectious arthntis was further studied by cross absorption reactions 
with the serums of 2 patients with chrome infectious arthntis and the 
serum of a rabbit which had been previously immumzed with the 
“typical stram” AB13 Each of the three serums was in turn sub- 
jected to absorption tests by the “typical stram” streptococcus AB13, 
the scarlet fever streptococcus and the erysipelas streptococcus 
Agglutination tests were then earned out with the cultures of each 
of the three hemolytic streptococa on each of the absorbed serums. 
Complete or almost complete absorption was effected m each case 
(table 3) The cross absorption tests indicate the antigemc relation- 
ship of “typical strain” streptococa to the hemolytic streptococa from 
cases of scarlet fever and erysipelas 

FmaMy, it seemed important to perform additional agglutination 
tests with arthntic serums agamst hemolytic streptococa from 
patients who gave no history of arthntis, scarlet fever, or erysipelas 
Eight such strains were selected (table 4) Two of these strains, both 
recovered from throat cultures, showed an ag^utinahon Uter as high 
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TABLE 3 

AgglutinaltoK and absorption reactions with the serums of two patients vnth chronic infectious 
arthritis and of one immune rabbit against hemolytic streptococci from 
chronic infectious arthritis, scarlet fever and erysipelas 





Bacterial antigens 


Serums 

Absorbing strains 





AB13 

S F 1 

E 1 



Unabsorbed 

1 1,280 

1 640 

1 320 

R W 


AB13 

0 

0 

0 


s r 1 

0 

0 

0 



E 1 

1 20 

0 

0 



Unabsorbed 

1 5,120 

1 640 

1 640 

L M 


AB13 

0 

0 

0 


s r 1 

0 

0 

0 



E 1 

1 20 

0 

0 



Unabsorbed 

1 5,120 

1 640 

1 1,280 

Rabbit 177 


AB13 

s r 1 

0 

0 

1 20 

0 

0 

1 20 



E 1 

0 

0 

1 20 


AJ313 = “typical strain” stcptococcus, S F 1 ■= scarlet fever streptococcus, E 1 •= 
erysipelas streptococcus, R W and L M = patients with chronic infectious arthnUs, 
rabbit 177 = rabbit immunized against strain AB13 


TABLE 4 

Titer of agglutination reactions of various hemolytic streptococci with the scrums of patients 

with chronic infectious arthritis 


Patient 

AB13 

Sc Fv 

Etysip 

Throat 

ns 1 

Throat 
HB 2 

Throat 
HS 3 

Throat 
HB 4 

TonsJ 

Tooth 

Stool 

Gastnc 

ulcer 

24 

BBS! 


^9 

■Bll 

1 20 


0 

0 

0 

1 SO 


25 


iHBan 



0 

1 80 

0 


0 

0 

1 20 

26 


1 640 



0 

0 

0 

BBi 

1 20 

0 

1 40 

27 

BQS 

1 640 



1 80 

0 

0 


0 


0 

28 

HIkS 

mm 



0 

1 640 

0 


0 

0 

0 

29 

HQ ! 




0 

1 80 

0 

RSii 

0 

0 

0 

30 

Q| 

1 160 



0 

0 

0 

0 

0 

0 

0 


AB13 = "typical strain” streptococcus, Sc Fv “ scarlet fever streptococcus. Throat 
= hemolytic streptococci isolated from the throats of vanous mdividuals. Tonsil = hem- 
olytic streptococcus isolated from an excised tonsil. Tooth = hemolytic streptococcus 
isolated from a root canal of a tooth. Stool = hemolytic streptococcus recovered from a 
stool specimen, Gastnc ulcer = alpha prime type of streptococcus isolated from a gastric 
ulcer by E W Saunders (2) 
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as 1 640 with the serum of one of the patients with chrome infectious 
arthnbs, while the others showed shght or no agglutination It 
seems probable that if the senes had been larger, several other strams 
would have agglutmated well with the serums of patients with chrome 
infectious arthntis The observations from these agglutmations were 
quite compatible with those reported by Stevens and Dochez (3), who 
performed agglutination tests with immune serums against scarlet 
fever, erysipelas, and pyogemc streptococci, and found that some of 
the pyogemc streptococa had anbgemc properties m common with the 
hemolytic streptococa from scarlet fever and erysipelas 

StJMMAlLY AND DISCDSSION 

The serums of patients with chrome infectious arthntis usually gave 
strong agglutinaPon reactions with “typical stram” streptococa 
(93 6 per cent in this senes) This phenomenon is not observed with 
control serums with the possible exception of the serums from patients 
with acute tonsilhtis and acute bronchitis The dose assoaation of 
upper respiratory infection with chrome infectious arthntis has 
already been mentioned 

In marked contrast to these strong agglutinative properties m the 
serums of patients with chrome infectious arthntis is the shght or 
negative agglutimn content of the serums of patients with degenerative 
arthntis This biologic distmction between the two types of arthntis 
offers strong evidence m support of the theory of their diverse etiolo- 
gies — mdeed, the contrast is so defimte that it might well be used 
clinically m the differential diagnosis of the two most common chrome 
infections of the joints 

The serums of 3 patients with chrome polyarthntis foUowmg 
rheumabc fever failed to give positive agglutination reactions with 
“typical strains ” This would seem to mdicate that chrome poly- 
arthntis foUowmg rheumatic fever and pnmary chrome infectious 
arthnPs are not ePologically identical, although dmicaUy they present 
similar pictures 

Three patients whose serums gave strong agglutination reactions 
dunng the course of the disease were found to have completdy lost 
their agglutmins foUowmg recovery In the opmion of the wnters. 



/ 


334 STREPTOCOCCAL AGGLUTININS IN ARTHRITIS 

these observations lend strong support to the theory that the “typical 
strain” streptococcus is an important etiologic factor in chrome 
infectious arthritis 

The demonstration of streptococcal agglutimns m the jomt flmds of 
3 cases of chrome infectious arthritis was particularly interestmg m 
view of the fact that m a previous study we had succeeded m recover- 
ing “typical strains” of streptococci in joint cultures from such 
patients This is analagous to the high agglutimn content of em- 
pyema flmd in pneumococcal pneumoma 

A Streptococcus hetnolyheus from a case of scarlet fever and a 
Streptococcus hetnolyheus from a case of erysipelas have been agglu- 
tinated by the serums of arthntic patients to almost as high a titer as 
have “typical strain” streptococci Stevens and Dochez (3) have 
shown that scarlet fever streptococci and erysipelas streptococa, as 
well as the individual strains from each disease, are not all biologically 
identical, but that those strains that are not identical usually have 
antigemc properties in common It would appear probable, then, 
that if a larger number of strains from scarlet fever and erysipelas 
patients had been studied in this investigation, a certain number of 
them would have given strongly positive agglutination reactions with 
arthritic patients’ serums, while others would have given weakly 
positive or negative agglutination reactions 

Two hemolytic streptococci from the throats of patients free from 
any evidence of arthritis, scarlet fever, or erysipelas gave agglutination 
reactions as high as 1 640 with the serum from a patient vith chrome 
infectious arthritis, while the other hemolytic streptococci gave httle 
or no agglutination It seems reasonable to conclude that the 
“typical strain” streptococci have antigemc properties in common with 
the hemolytic streptococci from patients with scarlet fever and 
erysipelas, as well as with some hemolytic streptococa from other 
sources Such an admission, however, in no wise weakens the con- 
fidence of the writers that the agglutimns present in the serums of 
patients with chrome infectious arthntis are specific agglutimns differ- 
ing m no essential respect from the speafic agglutimns which ac- 
company infections with the typhoid baciUus, the pneumococcus, or 
any other pathogemc rmcro-orgamsms 
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CONCLDSIONS 

1 The serums of patients with chronic infectious arthritis usually 
give a strong speafic agglutmation reaction with “typical strains” of 
streptococa recoverable from the blood and jomts of patients with this 
disease Control serums do not show this reaction. 

2 Chrome infectious arthntis can be diEFerentiated from degenera- 
tive arthntis and from chrome polyarthritis following rheumatic fever 
by the agglutination reacbon The agglutination reactions suggest 
difierent etiologies for the three forms of arthntis 

3 A close antigemc relationship between “typical strain” strepto- 
coca and the hemolytic streptococa from scadet fever and erysipelas 
13 estabhshed 
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Although considerable evidence has accumulated that rheumatic 
fever is a streptococcal mfeebon, attempts to demonstrate specific 
streptococcal agglutinins m the serums of patients with this disease 
have met with only a moderate degree of success Tunmchfi (1) 
performed agglutination reactions with the serums of twelve rheumatic 
fever patients against strains of Mtcrococcits rheumaitetts and Strepto- 
coccus pyogenes, and demonstrated agglutinins in small amounts m 
seven instances Swift and Rmsella (2) failed to find any strepto- 
coccal agglutinins in the serums of five patients with rheumatic fever 
agamst streptococa which they had recovered from their respective 
blood cultures Clawson (3) working with strains of Streptococais 
vtndans isolated from cases of rheumdtic fever, found agglutmins m 
four out of the five serums esarmned Small (4) demonstrated 
agglutinins for the so-called “streptococcus cardioarthntidis” m the 
serums of ten patients with rheumatic fever 

In a previous paper the waters, m collaboration with Cecil (5), 
have reported the isolation of streptococci from the blood and jomts 
of a high percentage of patients with rheumatic fever These strains, 
with one exception, belonged to the general group of non hemolytic 
streptococci ’ Cross agglutmation and absorption tests performed 
with imm une rabbit serums mdicated that while these streptococa 

* This mveaPgatioii was supported m part by the Committee for the Encourage- 
ment of Medical Research 

’ There Is some debate among bacteriologists as to whether the streptococci 
which we have Isolated from cases of rheumatic lever belong to the vlndans 
or Indifferent group For this reason it seems appropriate to use the more 
general term, "non hemolytic streptococci ” 
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or 66 7 per cent, agglutinated at very low titers (1 20 to 1 ‘ 160) Only 
4 of the 45 serums produced agglutmations at a titer of 1 320 
The next control group consisted of 16 patients with degenerative 
(hypertrophic) arthritis In this group the highest agglutmation titer 
recorded was 1 160 

The serums of 8 patients with acute tonsilhtis or acute bronchitis 
were also tested for streptococcal agglutimns Three gave no agglu- 
tmation whatever, while the highest recorded was 1 80 In view of 
the frequency with which tonsilhtis is assoaated with rheumatic 


TABLE I 

Titers of ag^ltiitnaitons of strain RB5 vUk paiienls* serums 
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30 

10 

2 

3 
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3 
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0 
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40 

16 

6 

4 
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4 

0 

0 

0 

0 

0 

Healthy rabbits 

6 

4 

0 
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0 

B 

0 

0 

0 
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* The numerals under the various dilutions indicate the number of cases with the limit 
of agglutination at that dlhitlonu 


fever, the results of the agglutination reactions of this group were 
unexpected 

The next control group consisted of 23 serums from patients with 
vanous febnle diseases other than rheumatic fever and subacute bac- 
tenal endocarditis, of which only 4 gave agglutmation reactions at a 
titer of 1 320 or higher, the remaining 19 gave shght or negative 
reactions 

In the study of the serums of 30 patients with non-febnie diseases 
other than arthritis 24, or 80 per cent, failed to produce any agglutina- 
tion m dilutions above 1 160, 3 showed weakly positive reactions, 
agglutmating to a titer of 1 320, one serum from a case of exophthal- 
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in general showed a tendency to fall into a number of biologic groups, 
one strain, RB5, had antigemc properties in common with the majonty 
of these rheumatic fever streptococci By reason of this fact, it 
occurred to us that this strain (RBS) would be particularly appro- 
pnate as an antigen in testing for streptococcal agglutmms in the 
serums of patients with rheumatic fever The present communication 
embraces the results obtained in this investigation 

METHODS 

The technic for carrying out the agglutination reactions was 
identical with that reported in the preceding study of streptococcal 
agglutinins m the serums of patients with chrome infectious arthritis 

Rhcimiaitc fever 

The patients selected for study presented definite signs of acute 
rheumatic infection The majority of the cases were adults with 
rheumatic polyarthritis but several were children in whom signs of 
rheumatic infection consisted of fever, leucocytosis, and rheumatic 
heart disease 

Agglutination reactions were earned out with the serums from 59 
patients with rheumatic fever against strain RBS Of the 59 serums 
examined 46, or 78 per cent, showed defimte agglutmation to a titer of 
1 320 or more, 39, or 66 percent, to a titer of 1 640 or more, the serums 
of the remaimng 13 patients gave only shght or negative agglutmation 
reactions (table 1, chart 1) 


Controls 

Agglutination reactions agamst strain RBS were earned out with the 
serums of 162 normal persons or patients vnth other diseases (table 1, 
chart 1) It was considered advisable to divide the controls into 
several groups, namely, chrome infectious arthntis, degenerative 
arthritis, acute tonsillitis and bronchitis, other febrile diseases, other 
non-febnle diseases and normal individuals The serums from 6 
healthy rabbits were also studied for streptococcal agglutimns 

The serums of 45 patients with chrome infectious arthntis were 
examined for agglutmms with the streptococcal strain RB5 Of these, 
11, or 24 4 per cent, failed to show any agglutmation whatever, 30, 
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Chrome polyarlhrUts foUowtng rhaimaitc fever 

The serums from 3 patients with chrome polyarthntis following 
rheumatic fever were also studied for streptococcal agglutmms with 
stram RB5 The titers were 1 640, 1 320, and 1 320, respecfavely 
Control agglutmation tests earned out with the same serums agamst 
“typical stram” cultures of streptococa from cases of pnmary chrome 
mfeetious arthntis were praeticaUy negative. 

Subacute baclertal cndocardttu 

One of the most mterestmg phases of this mvesbgation was the 
study of the serums of 6 patients with subaeute baetenal endocarditis 


TABLE 1 

TtUrs of aggiulinalions vtth sernnu of falieMs xoith rtihaciite bcdcrJol endocarditis 


F«tlexit 


Btcteriti aotttens 


1 RB3 

ABUt 

1 

Slrtptocoeais vMdans 

1 320 

1 40 

2 

Streptococcus viridons 

1 640 

0 

3 

Streptococcus oirldans 

1 1,2B0 

0 

* 

Streptococcus Hrtdcns 

1 5,120 

0 

s 

6 

Streptococcus viridans 

1 610 

1 1,280 

0 

1 80 


* RB5 strain of 8trq)tococcua recovered from the blood of a patient ^th rheumatic 
fever 


t AB13 ' typical strain” streptococcus recovered from the blood of a patient with 
chronic infectious arthritis. 


Each of these patients presented the typical dmical picture of the 
disease, and blood cultures from 5 of the 6 cases yielded streptococcus 
vtndans In table 2 the agglutination titers of the serums of these 6 
patients agamst stram RB5 and agamst the “typical stram” of chrome 
infectious arthntis (AB13) are presented. Each of the serums pro- 
duced an agglutmation to a high titer with the rheumatic fever 
stram, but showed httle or no agglutmation with stram AB13 

Dmtnulton of aggluttmn coitient tn serums foltounug recovery 

In 4 patients with acute rheumatic fever, the agglutmm content of 
their serums was studied dunng the convalescent stage of the disease 
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mic goiter agglutinated strain RB5 to a titer of 1 640, 2 serums from 
patients with auricular fibrillation agglutinated to a titer of 1 1280 
and 1 640, respectively 



RHEUMATIC FEVER 

— CHRONIC INFECTIOUS ARTHRITIS 

ACUTE TONSILLITIS - ACUTE BRONCHITIS 

- - - OTHER FEBRILE DISEASES 

DEGENERATIVE ARTHRITIS 

OTHER NON-FEBRILE DISEASES 

NORMAL INDIVIDUALS 

Chart 1 Total Agglutinations with Patients’ Serous Against Strain RBS 

The serums from 40 normal individuals failed to produce any 
agglutination of the strain RBS m dilutions above 1 160 
The highest agglutmation with the serums from 6 healthy rabbits 
against strain RBS was 1 40 
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respective serums are presented m table 3 The agglutination 
reactions obtained with jomt fluids were surprisingly high Control 
reactions performed with the typical arthritic strain AB13 yielded 
practically no agglutmation 

DKCnjSSION 

In this study, agglutmation reactions with the serums of patients 
with acute rheumatic fever have been performed against one orgamsm, 
a non-hemolytic streptococcus, strain RBS, which was ongmally 
isolated from the blood of a patient with rheumatic fever As pre- 
viously stated, this orgamsm contained antigenic properties in common 
with the majonty of the strains of streptococa recovered m this labora- 
tory from the blood and ]oints of patients with rheumatic fever The 
agglutmation tests have shown that the serums, as well as the jomt 
flmds, of most patients with rheumatic fever contam agglutinins for 
strain RBS m considerable amounts, while control serums possess 
httle or no agglutinative power for this strain The results of these 
agglutmation reactions furnish additional evidence that non hemolytic 
streptococa are of etiologic importance m rheumatic fever 
The serums of 3 patients with chronic polyarthntis following rheu- 
matic fever produced considerable egglutmabon of the rheumatic 
strain RBS, but httle or no agglutination of the infectious arthnbc 
strain AB13 These results suggest that the chrome polyarthntis 
which follows rheumabc fever is not ebologically idenbcal with pn- 
mary chrome infecbous arthnbs, and, furthermore, that the former 
disease is a direct sequel and chrome manifestabon of rheumabc fever 
The agglutmation reactions of 6 patients with subacute bactenal 
endocarditis were parbcularly interestmg The titers of agglutma- 
tion agamst strain RBS were unusually high, and afforded addibonal 
evidence of the relabonship between rheumatic fever and subacute 
bactenal endocardibs One is tempted to speculate as to just how 
close this relabonship is Are the two diseases idenbcal, but espres 
sions of different phases of a chrome streptococcal infecbon? Good 
arguments could be advanced for and against this theory, but such a 
discussion would be irrelevant in the present arbcle 
In 4 pabents with rheumabc fever studied at different stages of the 
disease, it was foimd that the agglutmm content of the serums rapidly 
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as well as during the active period In each of the 4 cases the second 
study was made after the patient’s temperature had been normal for 
about one month The titers of agglutination during the febrile stage 
were 1 1280, 1 1280, 1 640, and 1 320, while during the convalescent 
stage they were 1 40, 1 160, 1 160, and 1 20, respectively From 
these observations it appears that the agglutmms in the serums 
dimmish rapidly following recovery from the disease 

Stabihly of aggluhmns in serums 

In order to determine the stability of the streptococcal agglutiruns 
in the serums of patients with rheumatic fever, agglutination tests 
with strain RB5 were earned out at weekly intervals on the same 


TABLE 3 

Titers of agglulinaltous with joint fluids and corresponding scrums from patients with 

rheumatic fci'cr 


Patient 

RBS* antigen 

AB13t antigen 

Joint Buid 

Scrum 

Jomt fluid 

Serum 

1 

■Mi 


0 

0 

2 



0 

0 

3 

mmlm 


0 

0 

4 

1 2,560 

■MM 

0 

1 40 

5 

1 

1 ICO 

1 


0 

0 


* RB5 strain of streptococcus recovered from the blood of a patient with rheumatic 
fever 

tAB13 “typical strain” streptococcus recovered from the blood of a patient with 
chrome infectious arthntis 

serums During this period the serums were kept in the refrigerator 
at almost freezing temperatures In sharp contrast to the serums 
from patients with chrome infectious arthritis those from patients 
with acute rheumatic fever lost their power to agglutmate strain RB5 
within 30 days after collection of the specimen 

Streptococcal agglutinins in joint fluids 

Agglutination reactions with strain RB5 were carried out on the 
jomt flmds of 5 patients with rheumatic fever The technic for 
testing the joint fluids was similar m every respect to that employed 
for serums The agglutinating titers of the joint fluids and of their 
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respective serums are presented m table 3 The agglutination 
reactions obtamed with jomt fluids were surpnsingly high Control 
reactions performed with the typical arthntic stram AB13 yielded 
practically no agglutmation 


DISC0S3ION 

In this study, agglutmation reactions with the serums of patients 
with acute rheumatic fever have been performed against one organism, 
a non hemolytic streptococcus, strain RB5, which was ongmally 
isolated from the blood of a patient with rheumatic fever As pre- 
viously stated, this orgamsm contamed antigemc properties m common 
with the majonty of the strains of streptococa recovered m this labora- 
tory from the blood and joints of piatients with rheumatic fever The 
agglutination testa have shown that the serums, as well as the jomt 
fluids, of most patients with rheumatic fever contain agglutinins for 
strain RB5 in considerable amounts, while control serums possess 
httle or no agglutmative power for this stram The results of these 
agglutination reactions furnish additional evidence that non-hemolytic 
streptococa are of etiologic importance in rheumatic fever 
The serums of 3 patients with chronic polvarthnhs following rheu- 
matic fever produced considerable agglutmation of the rheumatic 
strain RB5, but httle or no agglutmation of the infectious arthntic 
strain AB13 These results suggest that the chrome polyarthritis 
which follows rheumabc fever is not etiologically identical with pn- 
mary chrome infectious arthntis, and, furthermore, that the former 
disease is a direct sequel and chrome mamfestation of rheumatic fever 
The agglutination reactions of 6 patients with subacute bactenal 
endocarditis were particularly mterestmg The titers of agglutina- 
tion against stram RB5 were unusually high, and afforded additional 
evidence of the relationship between rheumatic fever and subacute 
bactenal endocarditis One is tempted to speculate as to just how 
close ths relationship is Are the two diseases identical, but expres- 
sions of different phases of a chrome streptococcal mfection? Good 
arguments could be advanced for and against this theory, but such a 
discussion would be irrelevant m the present article 
In 4 patients with rheumatic fever studied at different stages of the 
disease, it was found that the agglutimn content of the serums rapidly 
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diminished following recovery In this respect, the agglutimns behave 
as in other infections such as typhoid fever and pneumoma, where they 
tend to disappear dunng or after convalescence 

CONCLUSIONS 

1 Additional evidence is presented in support of the theory that 
streptococci of the non-hemolytic type are important etiologic agents 
in rheumatic fever This evidence consists in the demonstration of 
streptococcal agglutimns in the serums of rheumatic fever patients 

2 Chrome progressive polyarthntis following rheumatic fever 
although presenting a chmeal picture smular to primary chrome 
infectious arthritis gives evidence by agglutination reactions of bemg 
etiologically different 

3 Further evidence is presented of the etiologic relationship 
between rheumatic fever and subacute bacterial endocarditis 
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STUDIES OF THE KIDNEY IN ACUTE INFECTION 

H Observations with the Urea Clearance Test in Acute 
Rheumatic Infection* 

By william GOLDRING 

(FromlhtDeparlintfitofltediciKtof New York Unnersity and Ihe Third (New York Untrer 
ttty) Ifedtcal Dnuton, Bellevue Ilospthl New York) 

(Received for pubbcatlon November 29, 1930) 

In a previous study (1), "we showed by means of the unne sediment 
count (2), that in acute rheumatic infection there is an abnormal m- 
crease m the excretion of formed elements m the unne for varymg 
penods up to ten weeks followmg the acute stage of the diseaie In 
that study, no instances of diffuse glomerulonephnhs occurred 
Changes m renal function m the course of acute infections have been 
repeatedly mvestigated (3, 4, S, 6, 7, 8, 9) These studies show a 
distmct lack of uniformity m the results obtamed, and m their mter- 
pretation This lack of agreement appeared to us to be m part due to 
the attempt to compare the results of different renal function tests 
Those most frequently used were the blood urea nitrogen, phenolsul- 
phonphthalein, and urea excretmg power of the kidney It is qmte 
conceivable that these procedures not only test different functions of 
the kidney, but that they differ m their sensitivity to changes m renal 
function Obviously then, they are not comparable We felt that m 
order to obtain significant results m such a study, it would be necessary 
to select patients with the same infecbon of about the same degree of 
seventy, and a smgle test sufiiaently sensitive to indicate shght vana- 
tions from normal We decided upon the urea clearance test descnbed 
by Mailer, McIntosh and Van Slyke f 10) shown to be highly sensitive 
as an mdex of the urea excretmg activity of the kidney (13) 

Acute rheumatic mfecUon was selected as the first disease to be 
studied. Care was taken m the selection of patients, to obtam as far as 

* The funds for this study were obtained from the Rheumatic Fever Fund Com 
mlttee for Encouragement of Medical Research 
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possible, uncomplicated acute rheumatic infection A few had acute 
fibrmous pencarditis and electrocardiographic evidence of acute 
myocardial involvement, but none showed evidence of congestive 
heart failure In none of our group was there evident arteriosclerosis, 
hypertension or previous nephritis Urme specunens for the clearance 
test were carefully collected by a group of specially framed nurses ^ 
Blood and unne urea nitrogen determinations were made by the gaso- 
metric method described by Van Slyke (11) 

The patients were all confined to bed during the penod of mvestiga- 
tion, and tests were mvanably performed between nme A M and 
twelve noon (12) In all other respects the test was earned out 
evactly as prescribed by the authors (10) The factor measured by 
the clearance test is the volume of blood which a definite excretion of 
unne will clear of urea When the unne volume is less than 2 cc per 
minute the "standard clearance” is employed, being the volume of 
blood which 1 cc of unne excreted in 1 mmute suffices to clear of urea 
When the urine volume is 2 cc or more per mmute "the maximum 
clearance” is employed, bemg the volume of blood which one minute’s 
excretion of urine suffices to clear of urea In the average sized normal 
adult (surface area 1 73 square meters) the standard clearance vanes 
from 41 cc to 65 cc of blood cleared of urea by 1 cc of unne in one 
minute, with a mean of 54 cc For the same individual, the maximum 
clearance ranges from 64 cc to 99 cc of blood cleared of urea m one 
mmute, with a mean of about 75 cc Multiplying by the factors 
1 85 or 1 33, standard or maximum clearance values respectively may 
be recorded on the basis of 100 per cent of normal renal function 

Table 1 indicates clearance values as determined thirty-four tunes 
m seventeen different individuals in whom there was no reason to 
suspect renal abnormality The accepted normal range is from 75 per 
cent to 125 per cent of the average normal renal function, taken as 54 
cc standard, and 75 cc maximum Seven of our figures are below this 
range and one is above These determmations, however, represent 
single readings In each of the five individuals in whom three or more 
determmations were made, as well as m the entire group, the average 
results are well withm the accepted normal range 

^ The expense of this special nursing staff was met m part by the Crane Fund and 
m part by the Rheumatic Fever Fund of the Committee for Encouragement of 
Medical Research 
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TABLE I 

Blood urea cUarance tn normal persons* 


Naan 

(V) 

U/ioe vwuiDt 

\/Vc^ 

(B> 

Btood ana 
ollrceto 

(U) 

UruM orta 
nitrocan 

Eidjnr fooctloo 
perc«Qt ot 
arerase nonnal 


cc ftr atBuiia 

u. fa mbutt* 

itfin. fa JOOct, 

MStt. fir 100 ((, 

ftrctnl 

G 

1 130 

1 065 

6 16 

355 00 

115 00 

K 

0 489 

0 699 

9 90 

500 00 

65 28 

Me 

0 540 

0 735 

10 60 

798 50 

102 36 

M 

0 563 

0 750 

10 60 

435 00 

56 88 

L 

1 120 

1 240 

6 85 

321 50 

107 57 

T 

0 513 

0 753 

11 30 

787 65 

97 09 

A 


0 831 

13 40 

625 35 

71 52 

J 

0 590 

0 770 

11 20 

519 90 

66 12 

Tw 

0 435 

0 640 

11 10 

737 50 

78 66 

E 

0 516 

0 738 

7 10 

584 50 

109 40 

F 

0 473 

0 680 

6 10 

481 45 

99 29 


0 324 

0 640 

13 17 

1,167 60 

100 90 



7 640t 

10 90 

124 00 

115 801 



11 350t 

8 30 

48 40 

90 (Hi 


7 450 

6 780t 

9 05 

172 80 

108 001 

C 

1 140 


14 60 

760 50 

102 20 

f 

0 970 

0 975 

10 35 

502 SO 

85 75 

D1 1 

0 623 

0 790 

8 10 

459 70 

83 80 

1 

0 815 

0 899 

12 78 

486 00 

64 40 


0 669 

0 790 

17 00 

1,021 50 

88 30 


0 815 

0 915 

16 70 

1,369 50 

136 50 




26 30 

1,542 50 

PS 00 


0 580 

0 765 

20 00 

1,371 50 

97 60 


0 584 

0 775 

25 35 

1,567 50 

89 00 


0 625 

0 895 

21 80 

1,557 00 

107 00 


4 615 


15 40 

258 30 

96 901 


i 060 

1 070 

12 80 

632 SO 

99 00 




10 83 

746 00 

104 SO 


3 370 

3 7581 

9 85 

252 00 

125 501 


0 975 

1 935 

15 70 

842 50 

91 00 


5 140 

4 6751 

15 90 

239 50 

86 lOf 

St 1 

4 920 

4 4751 

11 56 

183 75 

86 751 


3 700 


a 35 

187 90 

69 101 


4 810 


9 57 

95 12 

66 131 

Avtra^ 

12 74 


93 28 


icauM- louuuivcu uic avcju{{c ut iwu fl 

t Maximum clcaraocc and Vcor instead of v/Vcor 
t Volume corrected to surface area 1 73 sq m. (U) 


m JovBWAi/OrcxJVTa&i/ivTBvnoATimr rou x, no I 
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In table 2 are bsted the resists of the clearance test m sixteen 
patients with acute rheumatic mfection The test was performed 
seventy-five tunes at mtervals durmg the active and convalescent 
penods 

Of the sixteen patients, eleven showed a distmct elevation of the 
clearance durmg the acute penod of the disease, three showed normal 
values, and none showed a depression of the clearance value durmg the 
acute stage The remaining two patients were first observed after the 
acute stage had passed 

Of the eleven patients who showed an abnormal elevation of the 
clearance dunng the acute stage, eight were followed into the convales- 
cent penod In six of these there occurred a moderate to very stnkmg 
depression of the clearance value durmg this penod Where it was 
possible to follow the patient sufficiently long after apparent recovery, 
the clearance was found to return to normal m from one to eighteen 
days Durmg the period of low clearance values, the blood urea mtro- 
gen was normal, and the patients appeared well m every respect 
That the urea clearance value may be very low m the presence of nor- 
mal blood urea nitrogen and creatinine is an mdication of its extreme 
sensitiveness as a test of renal function It has been shown (13) that 
blood nonprotem nitrogen is mvanably above normal only when the 
blood urea clearance indicates less than 20 per cent of normal renal 
function In one instance, the patient insisted and did leave the 
hospital feeling perfectly well, although the clearance value showed 
only 32 per cent of normal kidney function 

Of the patients who showed normal clearance values durmg the 
acute stage of the disease, one was observed over a period of rune weeks, 
durmg which the clearance fell to 15 per cent of normal kidney function 
and was foimd to be normal thirteen days later The mtervals of thir- 
teen and eighteen days represent maximum duration of the low clear- 
ance values, since, if more frequent observations had been made, it is 
quite hkely that this penod may have been found somewhat shorter 

In no mstance was the clearance value found to be imusually low 
dunng the acute stage of the disease, and m no mstance was it found 
unusually high except durmg this period 
The blood urea mtrogen exceeded our highest normal figure only m 
patient 14 We were unable to obtam further data on this patient 
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TABLE 2 


I/’fW cJecranct in acute rkeumaitc infection* 


Nom- 

ber 

Name 

I^te 

Blood 

urea 

nltroceo 

Urloe una 
alUofta 

Urine 

Tolome 

correctedt 

Percent ol 
QomuJ 
function 

Temper 

store 

1 

■ 

April 22, 1929 1 

April 30 1929 

mt^f f*r 

100 ce. 

13 98 

8 50 


ct, per 
mwfU 

1 0270 

0 6090 

peretnl 

Ids 93 
204 96 

F 

101 8 
99 6 


Left hospital A O R. 



■ 

April 23, 1929 

1 25 50 

1 1S2 70 

0 9840 

82 93 

102 0 



May 7, 1929 

10 90 

8S3 so 

0 8700 

135 01 

99 6 



June 4, 1929 

10 30 

486 so 

2 2700 

142 sot 

99 6 



June 10, 1929 

11 30 

265 50 

2 2990 

71 S4t 

99 4 



Jtme 21, 1929 

11 so 

316 00 

1 3070 

58 12 

99 6 



August 9, 1929 

9 99 

27S 20 

2 4900 

91 24t 

97 6 



April 24 1929 

17 48 

1,397 70 

0 9950 

147 19 

104 0 



May 3 1929 

11 60 

1 273 00 

0 8290 

185 92 

102 2 

3 

N ■ 

May 8, 1929 

12 00 

1 392 so 

0 5300 

156 43 

100 0 



May 17, 1929 

13 80 

611 so 

0 8660 

76 62 

99 0 



July 19, 1929 

17 34 

760 00 

0 5410 

59 60 

98 6 



April 29, 1929 

17 68 

987 60 

1 1S50 

111 62 

103 6 

■I 

De| 

May 8, 1929 

20 45 

1,030 00 

0 6760 

75 48 

100 4 

■ 

f 

Mayl 1929 

24 70 

1,231 SO 

0 8606 

85 32 

104 0 

^9 

B 

May 20 1929 

18 80 

917 00 

0 6167 

70 3S 

98 8 


1 

June 14, 1929 

10 70 

633 SO 

0 5527 

81 78 

98 6 

6 

Tw 

May 2, 1929 

16 42 

1,42S 00 

0 7879 

141 76 

102 2 

Uncooperative 



May 4, 1929 

10 92 


0 7430 

207 97 

103 4 



May 13 1929 

10 32 

1,495 50| 

4) 7760 

23S 19 

101 8 



ilay20 1929 

20 3S 

1 282 so 

0 8863 

109 76 

102 4 



May 24 1929 

15 40 

999 00 

1 1570 

129 48 

101 0 



May 28 1929 

15 20 

822 50 

0 8783 

93 77 

103 0 



June 4, 1929 

11 90 


0 7267 

63 91 

101 4 



June 11 1929 

18 08 


0 2940 

21 12 

98 0 



June 21, 1929 



iliVjliB 

26 10 

99 6 



June 23, 1929 



0 8890 ' 

54 44 ! 

101 0 



June 28 1929 

9 93 

389 4S 

IiShm 

64 10 ' 

102 6 



July 10, 1929 


139 10, 

0 6690 

35 74 

lOO 0 



July 23, 1929 

1 3 35 

136 96 

0 6610 

61 62 

99 0 


• Each result tabulated represents the average of two separate hourly detenninatloiii. 
t Maximum clearance, 

t Volume corrected to surface area 1 73 iq m (14) 
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TABLE 2~^cnUnued 


Nam 

her 

Name 

Dale 

Blood 

urea 

nitrogen 

Unne urea 
nitrogen 

Urine 

volume 

correctedt 

Per cent o 
normal 
function 

^ Temper- 
ature 

Uncooperative — Cojuludei 




fn^m p€r 
100 cc 

rngm fur 
100 cc 

CC per 
minute 

Per cent 

•F 



May 16. 1929 

16 90 

mm 

mm 

61 12 

103 4 



May 22, 1929 

18 39 

1,119 SO 

mm 

■m 

102 2 



June 3, 1929 

12 69 


mm 

38 57 

99 6 

8 

w • 

June 13, 1929 

12 45 



23 31 

98 6 

June 24, 1929 

9 63 

317 00 

1 1770 

mm 

103 4 



July 1, 1929 

4 48 

210 30 

0 5130 

Wsm 

99 8 



July 11, 1929 

11 20 

112 32 


15 59 

100 0 



July 24, 1929 

9 87 



77 64 

99 6 



May 17, 1929 

9 20 

1,480 00 



104 8 



May 24, 1929 

9 94 



135 12 

103 6 

a 

ri - 

May 31, 1929 

9 10 



14i 74 

104 0 



June 7, 1929 

12 50 



mm 

102 0 



June 20, 1929 

7 34 



%t60 

100 0 



June 26, 1929 

9 55 


0 89210 


99 2 


f 

April 3, 1930 

22 55 

1,564 50 

0 76800 


99 8 

10 

■■ 

Apnl 10, 1930 

26 20 



39 45 

99 0 



Apnl 11, 1930 

16 22 




99 6 

11 

H 

January 24, 1930 

14 12 



149 40 

103 0 

A 0 R 



October 29, 1929 

4 40 


1 07000 


103 0 



December 6, 1929 

7 54 


4 40000 

99 75t 

102 0 

12 

D1 . 

January 2, 1930 

11 05 


0 25700 

34 67 

99 8 

January 20, 1930 

7 74 


0 51500 


97 8 



February 11, 1930 

19 35 


0 69500 

52 25 

99 0 



Apnl 7, 1930 

7 45 




98 0 



November 14, 1929 

19 10 

1,453 00 



100 2 



December 4, 1929 

13 48 




100 0 



December 30, 1929 

14 70 




99 6 

13 

IT 

January 23, 1930 

BIEI 

576 75 



98 8 


January 31, 1930 

■MIIIMl 




99 6 



February 7, 1930 

14 68 




99 6 



February 17, 1930 

12 SO 




99 0 



Apnl 23, 1930 

9 68 




98 0 
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TABLE 1-CimcMri 


Nam 

ber 

Ntme 

Date 

Blood 

oltroccA 

Urine 

nltiocea 

Urine 

Tolume 

corrected! 

Per cent ol 
comul 
loocrioQ 

Temper 

fttnre 

A 0 R - — Concluded 




OTtin* tfr 

mgm ftr 

ct ptr 






lOQu, 

tOOu. 

minuU 



u 


February 21, 1930 

43 30 



59 60 

99 8 



February 12, 1930 

13 65 




100 0 



February 20 1930 

16 so 



78 80 

99 8 


R 

March 10, 1930 

18 90 

196 50 

S 57500 

75 901 

99 4 



March 20 1930 

16 67 

772 SO 



98 8 



April 28 1930 

16 30 

mmdfMmj, 


152 30 

100 0 



May 6 1930 

9 80 

576 SO 


41 IS 

99 8 



May? 1930 

18 65 


0 88100 

79 92 

100 0 

16 


May 8, 1930 

9 35 

84 10 


106 251 

100 0 



May 13, 1930 

16 65 

539 50 


77 65 

99 8 



May 15, 1930 

9 80 

274 5(^ 


92 901 

99 6 



May 16 1930 

14 45 

mm 


95 70 

99 6 


The urea clearance test has proved itsell to be a sensitive index of 
changes in renal function (urea excreting activity) (13) Under con- 
trolled condibons it has a fairly constant normal vallie (10) Any 
deviation from this must, we feel, be mterpreted as deviation from 
normal renal function The normal value is constant m spite of urea 
feedmgs (10) It is likewise uninfluenced by the feeding of high or low 
protem diets • It is evident from our figures that both high and low 
clearance values are independent of both blood urea nitrogen and 
unne volumes The standard urea clearance values vary directly with 


the urea concentratmg power of the kidney 


If we accept the 


empirical clearance values determined m normal persons as an indica- 
Uon of average normal renal function, our results m rheumatic mfec- 
tion must be mterpreted as mdicating a period of renal hyperfunction 
dimng the active febrile course of the disease, and renal hypofuncbon 
durmg the afebrile convalescent period In this sense, renal hyper- 
function may be conceived as a compensatory effort to remove from 


* Unpublished data (author) 
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the blood and tissues, as rapidly as possible, the urea accumulating as 
a result of heightened metabohsm Whether the mechanism m- 
volved IS increased glomerular blood flow or mcreased glomerular 
activity, enhancmg more rapid urea filtration or more rapid tubular 
secretion of urea, is not possible to say at this tune In either event, 
the kidney is responding to some stimulus by a degree of functional 
activity exceeding the observed normal Similarly, m the immediate 
postfebnle period, the kidney loses in varymg extent, its capaaty for 
excretmg urea It may be that diminished glomerular flow accoimts 
for this subnormal phase If, indeed, a structural basis is to be pre- 
dicated, it may be that the renal functional change noted, is the result 
of the diffuse cloudy swellmg which accompanies febrile states What- 
ever the renal damage, it is only temporary, and as our tables show, 
capable of complete functional restitution Smce the urea clearance 
test was employed consistently throughout this study, we have been 
mvestigating only one particular function of the kidney, namely, its 
urea excreting activity The fact that other renal function tests may 
not show the same results as we have observed would merely mean that 
either they did not test kidney function with the same degree of sensi- 
tiveness as the urea clearance, or that they test some other particular 
function of the kidney We feel that the extreme sensitiveness of the 
urea clearance test renders it invaluable m a study of this nature, 
where changes in renal function are apt to be slight 

CONCLUSIONS 

Values for the standard and maximum urea clearance tests have been 
determmed m normal persons 

It has been shown that m the acute febrile stage of rheumatic infec- 
tion, clearance values are usually higher than the highest observed 
normal, and dunng the afebrile convalescent penod, the clearance 
values are usually lower than the lowest observed normal 

These findmgs have been mterpreted as indicatmg a state of renal 
hyperfunction dunng the acute stage as a response to the demand of 
mcreased protem catabolism, and a state of renal hypofunction prob- 
ably as a result of toxic mjury to the kidney parenchyma 

In aU patients followed, complete restoration of renal function 
occurred withm about two weeks 
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STUDIES OF THE KIDNEY IN ACUTE INFECTION 

TTT Observations with the Urine Sediment Count (Addis) and 
THE Urea Cuearance Test in Lobar Pneumonia' 

By WULLIAII GOLDRING 

(.From the Deportment of Iteimtu of New Tori Vnmrsriy oni the Third (New 1 art 
Unixtnity) Medical DitUion, Bellevue BoJpUaJ, New York) 

(Rcctivtd foT pubUcaUon Novtjnber 29, 1930) 

McIntosh and Reimann (1) reviewed some previous studies on 
kidney funcbon m pneumoma. They found that of slt investigators, 
three reported impairment of renal function (2, 3, 4), two repxirted the 
absence of impairment (5, 6), and one (7) emphasized the occurrence 
of renal hyperfunction dunng the course of lobar pneumoma It 
seemed to them that a further senes of observations was necessary to 
throw some hght, if possible, on the cause for such discordant results 
The tests employed were the phenolsulphonphthalem test and the 
ure aconcentration mdex (8) Thirteen patients were studied They 
reported renal hyperfunction, by one or the other of the tests em- 
ployed, m mne patients and moderate depression of renal function m 
four In no instance was there encountered senous impairment of 
renal function 

In a previous study (9), we showed by means of the urme sediment 
count, that dunng the course of acute rheumatic infection, there is an 
abnormal mcrease m the excretion of formed dements m the urme, 
persistmg for some weeks after recovery, with a final return to normal 
In another study (10) we showed by means of the urea clearance test, 
that dunng the acute phase of rheumatic infection there occurred a 
penod of renal hyperfuncbon, followed, m the convalescent phase by 
a penod of renal hypofunction The latter functional state persisted 
for a varymg number of days and m every instance where the patient 
was observed over a suffiaent period of time, it was followed by com- 

* Funds for this study were obtained from the Rheumatic Fever Fund of the 
Committee for EncouraEcment of Medical Research. 
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TABLE 1 


Urtne sedtmetU count tti normal persons 


Number 

pH 

Specific 

gravity 

Unne 

volume per 
12 hottis 

Protein per 
12 boors' 

Red i.ell5 
per l2 
hou’*s 

White and 
epithelial 
celii per 

12 hours 

Casts per 
12 boursf 

1 

5 0 

1 030 

cc 

369 

rnsm 

5 3 

mtlhoni 

0 

milhons 

0 220 

thousands 

9 2 

2 

5 0 

1 040 

259 

18 0 

0 

0 064 

0 

3 

5 0 

BSI 

473 

10 2 

0 

0 118 

0 

4 

5 5 

WSm 

355 

12 8 

0 

0 117 

0 

5 

5 0 

1 044 

208 

8 9 

0 

0 062 

0 

6 

5 0 

■ iWM 

616 

22 1 

0 

0 077 

0 

7 

5 5 

B 

776 

8 4 

0 

0 580 

0 

8 

5 0 

B iWB 

228 

32 8 

0 

0 300 

3 8 

9 

5 8 

B 

408 

57 7 

0 

0 730 

0 

10 

5 5 

B «mB 

269 

23 1 

0 

0 670 

2 2 

11 

6 7 

B 8BB 

186 

26 8 

0 

0 600 

4 1 

12 

S 6 

1 028 

337 

24 8 

0 

0 400 

0 

13 

5 0 

1 036 

147 


0 009 

0 082 

0 

,4 { 

5 8 

1 030 

259 

18 6 

mmi 

0 790 

0 

5 7 

1 028 

234 

16 8 

warn 

1 100 

7 8 

IS 

5 5 

1 028 

285 

42 0 

0 010 

0 810 

3 2 

16 

5 0 

1 040 

158 

5 6 

0 013 

0 115 

0 

17 

5 5 

1 018 

145 

10 4 

0 020 

0 290 

2 2 

18 

5 0 


170 

18 3 

0 020 

0 360 

0 

19 

5 0 

Bk^B 

80 

5 8 

0 022 

0 520 

0 

20 

5 5 

1 032 

335 

21 7 

0 027 

1 360 


21 

5 5 

1 026 

343 

17 2 

0 028 

0 056 

0 

22 

5 0 

1 038 

274 

60 2 

0 034 

0 180 

0 

23 

6 5 

BfSI 

360 

25 9 

0 040 

0 470 

2 0 

24 ( 

5 5 


344 

49 5 

0 050 

0 270 

1 8 

5 0 

WSM 

186 

26 6 

0 090 

0 720 

1 0 

25 

5 5 

1 036 

226 

26 2 

0 060 

0 190 

0 

26 

5 8 

1 029 

239 

29 3 

0 070 

0 370 

0 

27 

5 7 

1 020 

363 

52 2 

0 070 

0 700 

2 0 

28 

5 0 


287 

15 4 . 

0 071 

0 262 

0 

29 

6 5 

1 024 

387 

13 9 

0 072 

0 097 

0 

30 

5 0 

1 034 

137 

2 9 

0 076 

0 340 

0 

31 

5 3 

1 034 

220 


0 088 

0 638 

0 

32 

5 0 

1 034 

120 

7 8 

0 127 

3 400 

0 5 

33 

5 5 

1 037 

187 

26 9 

0 130 

0 280 

2 1 

34 

5 5 

1 030 

237 

34 2 

0 140 

0 630 

2 6 

35 

5 0 

1 036 

414 

17 9 

0 145 

0 028 

0 

36 

5 5 

1 042 

210 

9 0 

0 157 

0 131 

0 


* Centrifuge method (see reference 15) 
t All were of the hyalm vanety 
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TABLE l—CndiM 


Number | 

pH 

Specific 

travlty 

' XJdoc 
rohime per 
il btion 

^ Protein per 
12 boon 

RedeeUs 
per 12 
bouis 

1 WUte and 
epltbellal 
celh per 

12 hnon ] 

1 

, CmU per 

12 hount 




et. 


1 mfUUiu 


Ih4itsandi 

37 

6 5 

1 026 

385 

22 1 

0 159 

0 192 

0 

38 

S 5 

1 027 

205 

10 2 

0 205 


0 

39 (' 

6 0 

1 031 

312 

33 7 

0 160 

0 810 

0 

5 0 

1 030 

348 

30 1 

0 200 

0 870 

3 8 

40 

5 E 

1 031 

256 

28 7 

0 210 

0 320 

0 

41 

5 5 

1 033 

384 

46 0 

0 300 

0 830 

6 4 

42 

5 5 

1 028 

302 

6 5 

0 390 

1 (HO 

0 

43 

5 0 

1 030 

293 

42 2 

0 560 

2 430 

0 

44 

5 0 

1 033 

218 

22 3 

0 650 

1 270 ! 

4 8 

45 { 

5 5 

1 038 

355 

15 3 

0 931 

0 047 

3 9 

5 0 

1 043 

280 

10 0 

1 530 

0 024 

0 

Avemge 

21 8 

0 146 

0 540 

1 3 


plete resbtution of normal renal function Smce there was no reason 
to believe that such findmgs should be pecuhar to acute rheumatic 
infection alone, we deeded to repeat the same observations m a group 
of patients with lobar pneumoma 

Adult patients were selected from a senes under mvesbgation by the 
pneumonia service No pabents were selected who presented signs 
or gave a previous history of congesbve heart failure, nephnbs, or 
hypertension Pabents who developed reacbon from pneumococcus 
serum were hkewise excluded The urme sediment counts were per- 
formed accordmg to the techmque desenbed by Addis (11) The urea 
clearance test was performed accordmg to the techmque desenbed by 
Meller, McIntosh and Van Slyke (12), and McKay (13) Blood and 
unne urea nitrogen determmabons were made by the gasometne 
method of Van Slyke (14) Both mme sediment counts and blood 
urea dearances were made at mtervals dunng the acute stage of the 
disease and durmg convalescence 

Table 1 mdicates the results of 49 urme sediment counts performed 
on 45 medical students m whom there was no reason to suspect ab- 
normahty m the kidneys The urmary protem was determmed by the 
method desenbed by Shevky and Stafford (15) We felt it was 
reasonable to accept as the upper limit of normal excrebon for a 
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penod of 12 hours, 500,000 red blood cells, 1,000,000 white blood cells, 
and epithehal cells, 5,000 casts, and 30 mgm of protein (16) 

Table 1 m the preceeding paper, indicates the results of 34 blood 
urea clearance determinations in 17 pabents and medical students m 
whom there was no past or present evidence of renal disease The 
normal range vanes from 75 per cent to 125 per cent of normal renal 
funcbon ’ 

Table 2 shows the results of the unne sediment counts m 44 pabents 
with lobar pneumoma By comparison with table 1 , it is evident that 
at some period dunng the precnbcal stage of lobar pneumoma, 38 of 44 
pabents showed an abnormal excrebon of protem and one or more of 
the formed elements There were 40 sedunent counts made when the 
temperature was lOl'T or higher Of these, protem was excreted m 
greater amount than 30 mgm per 12 hours 34 tunes Casts were 
excreted m greater number than 5,000 per 12 hours 26 tunes White 
blood cells and epithehal cells were excreted m greater number than 
1,000,000 per 12 hours 29 tunes However red blood cells were ex- 
creted above the normal rate of 500,000 per 12 hours only 16 times 
The occurrence of imcroscopic hematuna in the course of lobar 
pneumoma appears to be of greater significance than the occurrence of 
abnormal excrebon m the unne of the other formed elements or 
protem (16) The extent of the imcroscopic hematuna appears to 
carry no significance as far as its mterpretabon goes Of more 
importance is the tune of occurrence of hematuna and its subsequent 
behavior This fact is demonstrated by two of our pabents Patient 
1 had a fauly normal unne sediment before and immediately after the 
crisis However, microscopic hematuna made its first appearance 12 
days after the crisis and on repeated tests this progressed to frank 
bloody unne The almost conconutant occurrence of hypertension 
and generalized edema with progressive renal funcbonal failure m- 
dicated the development of acute diffuse glomerulonephnbs Part 
of the clmical course m this pabent is shown in chart 1 The same 
comphcabon was observed m pabent 31 with the excepbon that the 
hematuna was enbrely microscopic, pracbcally ne^gible m degree, 
and cleared up more rapidly The dimcal course in this pabent is 

’ For further detaib of the blood urea dearance test see reference (12) 
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shown m chart 2 Whether the pneumococcus or a secondarily 
mvadmg streptococcus was responsible for the nephntis m these two 
patients is not possible to say with certamty 
Of entirely different sigmficance is the hematuna which occurred in 
patients 2,20, 30, 42 , and 43 In these patients rmcroscopic hematuna 
occurred before or about the time of the crisis, disappearmg com- 
pletely, promptly after the cnsis With the onset of microscopic 



Chart 1 Patient A, Number 1 White, male, aged 39 Hematuna was 
first noted 14 days after the crisis Then followed a nse m blood pressure, gen- 
eralized edema mdudmg the face and impairment of renal function Hematuna 
and impaired renal function were present at a subsequent exammabon, 2 months 
after discharge 

hematuna durmg the acute phase of the disease, its prompt disappear- 
ance and the absence of systemic mamfestation, hypertension, and 
edema, these cases must be mterpreted as instances of focal glomeruli- 
tis and are of no prognostic sigmficance In patient 44 the occurrence 
of hematuna, for the first tune, m convalescence is highly suggestive 
of the onset of diffuse glomerulonephntis, but the absence of hyper- 
tension or edema and the lack of renal function study, makes it 
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impossible to be certain of any more than a focal glomerular lesion 
The appearance or disappearance of microscopic hematuna apparently 
bears no relationship to the excretion rate of the other formed elements 
or protem These appear to be of different pathogenesis as well as of 
different significance as far as oiir observations go Apparently a 
more severe renal lesion is necessary to permit the excretion of red 
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Chart 2 Patient Me, Number 31 'WTiile male, aged 31 Generalued 
edema mvolvmg the face was drst noted 13 days after the crisis Distinct hema 
tuna was not present one week after the onset The blood pressure did not nse, 
but renal function was temporarily impaired Patient left the hospital apparently 
well 

blood cells This fact had been previously observed m studymg the 
unne sediment m congestive heart failure (16) 

In table 3 are shown the results of the blood urea clearance test 
dunng the acute and convalescent stages of lobar pneumonia Our 
results confirm the findings of McIntosh and Reunann (1) Of 13 
patients studied, 9 showed a period of renal hyperfunction (mcreased 
urea excretmg acUvity) durmg the acute stage, 2 showed a penod of 
renal hypofunction (decreased urea excretmg activity) dunng the 
acute stage, and 2 showed no change from normal function Of the 9 




TABLE 3 

Blood urea clearance lest tn lobar pneumonia' 
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patients who showed hyperfunction, 3 showed a depression of renal 
function following the crisis With 4 exceptions in the entire group, 
all remained normal or returned to normal after a period of depressed 
renal function Of these four exceptions, m only one (patient 1) 
did we have sufi&cient correlated data to estabhsh the diagnosis of 
diffuse glomerulonephritis This same likehhood is qmte possible in 
the other three instances (patients 3, 11, 12) Return of normal 
function occurred in from 3 to 7 days Patient 13 is of interest since 
dunng the acute stage of the disease he developed a blood urea clear- 
ance of 8 35 per cent of normal renal function and a blood urea nitro- 
gen of 80 5 mgm per 100 cc of blood Seven days later, the results 
of both tests were normal and he made an uneventful recovery 

CONCLUSIONS 

1 Observations with the urine sediment count, have been made m 
44 adults with lobar pneumoma Deviations from normal sediment 
findmgs have been presented and discussed The occurrence of micro- 
scopic hematuna appeared to be of greater prognostic significance than 
the appearance of the other formed elements or protem m the urme 

2 Observations with the blood urea clearance test were made m 13 
patients with lobar pneumonia Renal hyperfunction (increased urea 
excretmg activity) was the rule durmg the acute stage of the disease 
Shght to marked depression of renal function (decreased urea excret- 
ing activity) occurred during both the acute and convalescent stages 

3 In two patients of this series there was suffiaent correlated clmi- 
cal data, to be certain of a comphcatmg acute diffuse glomerulo- 
nephntis 
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ABSTRACT OF PAPERS I, H AND TH 

In these three papers the body build of infants during health and disease is 
described quantitatively This is done by comparison of ratios of vanous external 
dimensions to the total body length In the first paper the technique for measur- 
ing the external dimensions of the body in infants is described and various sources 
of error discussed. 

In the second paper general empirical formulae for the relationship between 
vanous external dimensions and total body length in health) infants are de 
veloped By comparing two groups of infants from different social environments, 
it IS shown that environment may influence body build 

In the third paper the results obtamed in the second paper for healthy infants 
are used for comparuou with sick infants Vanous differences in the bodj build 
of Infants with acute intestinal intoxication, tetanj and eczema are desenbed 

This study was designed as an investigation of the relationship 
between constitution and disease in infants By constitution, as 
referred to living things, we mean the sum total of structural and 
functional properties which result from the reaction of the genetic 
make up to its environment This defimtion is similar to that of 
Draper (l) and differs from that of J Bauer (2) who looks upon 
constitution as the sum of the characteristics and attnbutes, trans- 
rmtted through the genn plasm, and already present at the moment of 
conception 

Draper defines human const(tution as “that aggregate of heredi- 
tanal characters, influenced more or less by environment, which 
detenmnes the mdividual’s reaction, successful or unsuccessful, to 
the stress of environment.” 
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Bauer defines constitution as “aus der Summe der durch das 
Keimplasma ubertragenen, also scbon im Momente der Befrucbtung 
anlagemassig gegebenen Merkmale und Eigenschaften ” “Den 
gesamten Komplex von Erbanlagen, der die Zugehongkeit des wer- 
denden Indmduums zu seiner Spezies, Rasse und Famihe sowie zu 
seinem Sexus bestimmt, und bei der ungeheuren Mannigfaltigkeit und 
praktiscb absoluten Ongmalitat der Erbanlagennuschung den Grund- 
stock der personbchen Indmduabtat ausmacbt, bezeicbnen wir als 
Konstitution ” 

The difficulty of dissociating heredity from the environment, as 
unphed in the defi ni tion by Bauer, is evident from numerous expen- 
ments Morgan (3) studied a mutant race of Drosophila called 
vestigial, because only vestiges of the wings are present When the 
larvae were bred at the proper temperature, the vestigial forms ap- 
peared regularly When, however, the larvae were bred at a tem- 
perature of about 31°C , the rudimentary wings were much longer and 
in many instances as long as the wmgs of the wild type E Baur (4) 
was able to produce different colored pnmroses by varying the tem- 
perature at which the plants were grown When red pnmrose (Pri- 
mula Sinensis Rubra), which ordinarily, at a temperature of 15 to 
20°C , produces red flowers, is transplanted to a hothouse at a tempera- 
ture of 30 to 35°C , the flowers which appear are white When the 
plants are returned to a cooler place, they again produce red flowers 
Similarly, Dorfmeister (5) in 1879 was able to produce butterflies with 
different colored wings by varying the temperature at which the 
larvae were grown These expenments show clearly how environ- 
mental factors may influence the somatic expression of the hereditary 
matenal 

For convemence of study, constitution has been divided into vanous 
constitutents, such as sex, race, body bmld, skm color, etc In a 
recent paper the influence of the sex factor in mfant mortahty was 
discussed (6) That race is a factor m the greater prevalence of tetany 
among Negro mfants was shown in studies on dosage of ultraviolet 
radiant energy (7) 

This study is concerned with the relationship between body bmld 
and disease in mfants By body build we mean the external form of 
the body as it is detenmned by the skeletal and cartilaginous parts 
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The present paper is devoted to a descnption of the technique used 
in this study 

The instruments emplojed were the anthropometer descnhed by 
Martin, the small shdmg compass (Gleitinrkel), the small spreading 
cahpers (Tasterzirkel), a steel tape and a measunng board similar to 
that described by Schtdtz (8) 

AH instruments were cahbrated to 1 mm and all measurements were 
made to 1 mm AU unilateral measurements were made on the 
nght Bide In general, the dimensions measured and the technique 
employed were those descnbed by Hrdlicks (9) 

DESCROTION OF MEASUREMENTS 

1 Total body length From the vertex to the sole with the foot at 
nght angles to the body, taken parallel to the long axis of the body 
The measunng board was found to be more accurate than the anthro- 
pometer for this measurement and the anthropometer was therefore 
discarded in the later work 

2 Body Wight Measured m the usual way 

3 StUmg height From the vertex to the most caudal pomt over 
the ischial tuberosities, parallel to the long axis of the body 

4 Ctrcwnference of head {occipitofrontal) The largest orcumfer- 
ence of the head 

J Cephalic length From the most promment part of the occiput 
to the glabella in the rmd sagittal plane 

0 Cephalic breadth {biparietal diameter) The greatest width of the 
head between the panetal ermnences, perpendicular to the mid sagittal 
plane 

7 Diameter of face {bimalar) The horizontal distance between the 
2 malar prommences 

8 Bigontal diameter The horizontal distance between the most 
distant points of the angles of the jaw, perpendicular to the mid sagittal 
plane 

9 Upper facial length From thenasion to theprosthionm themid- 
sagittal plane 

10 Height of lower jaw From the mfradentale to the men ton in 
the rmd sagittal plane 

11 Height of nose From the nasion to the nasal septiun where it 
joins the upper hp 
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12 Breadth of mse The greatest breadth between the nasal wings 
without exerting pressure Care should be taken that the child is 
quiet when this measurement is being taken 

13 Inter-tnner canthus breadth The horizontal distance between 
the inner angles of the eyes 

14 Length of palpebral fissure From the mtemal to the external 
angle of the eye 

15 Length of ear {maximum) From the highest point on the border 
of the helix to the lowermost point on the lobule, perpendicular to the 
long axis of the ear 

16 Breadth of ear Distance between 2 hnes, parallel to the long 
axis of the ear, one of these hnes being tangent to the antenor, the 
other to the posterior border of the hehx 

17 Circumference of the thorax at nipples Taken half way between 
inspiration and expiration The respiratory excursion of the chest of a 
quiet mfant is small 

18 Biacromial diameter Straight distance between the most 
lateral points of the acromial eminences, taken from behmd with the 
child seated, the arms close to the thorax 

19 Bicnstal diameter Straight distance between the most lateral 
pomts of the diac crests, perpendicular to the mid-sagittal plane 

20 Length of humerus From the most lateral pomt of the acromial 
emmence to the most proximal pomt on the lateral side of the capi- 
tulum of the radius in a plane parallel to the long axis of the humerus 
This measurement was made with the arm close to the thorax and the 
forearm extended 

21 Length of radius From the most proximal point on the lateral 
side of the capitulum of the radius to the tip of the styloid process of 
the radius, parallel to the long axis of the radius 

22 Length of hand From the tip of the styloid process of the radius 
to the tip of the middle finger taken m a plane parallel to the long 
axis of the forearm 

23 Length of palm From the tip of the styloid process of the 
radius to the fold between the nuddle finger and the palm, m a plane 
parallel to the long axis of the forearm 

24 Breadth of palm With the pahn facing forward, from the most 
lateral pomt overlymg the capitulum of the 2nd metacarpal bone, to 
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the most medial pomt overlying the capitulum of the 5th metacarpal 
bone m a Ime perpendicular to the long axis of the palm 

25 Ltngth of middle finger From the metacarpophalangeal jomt 
of the middle finger to the tip 

26 Length of thigh From the antero-supenor spme of the ihum 
to the lower margm of the internal condyle of the femur m a plane 
parallel to the long axis of the body 

27 Length of tibia From the lower margm of the internal condyle 
of the femur to the tip of the mtemal malleolus of the tibia with the 
leg extended at the knee 

28 Height of foot This was obtamed by subtractmg from the knee- 
sole measmement the length of tibia Knee sole was measured from 
the lower margm of the mtemal condyle of the femur to the sole, with 
the foot at right angles to the leg, m a plane parallel to the long axis of 
the leg 

2S Length of foot From the pomt on the heel over the tuber 
calcanei which projects furthest back to the tip of the great toe with 
the foot held at right angles to the leg, m a hne parallel to the mtemal 
margm of the foot. 

30 Breadth of foot From the most lateral pomt overlymg the 
capitulum of the fifth metatarsal bone to the most medial pomt over- 
lymg the capitulum of the first metatarsal bone, m a Ime perpendicular 
to the long axis of the foot 

SOURCES OF ERROR IN MARINO MEASUREMENTS 

I Experimental errors 

Experimental errors m measurmg were computed m the followmg 
manner A senes of ten measurements of the dimension m question 
was made on each of a group of infants The scale on the instrument 
used was concealed from the anthropometnst by a shp of paper and 
readmgs were made and recorded by a second person The average 
for each senes was calculated, and deviations from the average 
recorded AH the deviations on aU the mfants were then grouped and 
the standard deviations computed The errors worked out m this 
maimer for the vanous dimensions are shown m table 1 
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Z Errors due to thickness of subcutaneous tissues 

Since all measurements, exceptmg breadth of nose, length of ear, 
and the eye measurements, were taken from bony or cartilaginous 
pomts, errors due to nutntional status were minimal Todd (10) 
found no change m the buhac diameter of a group of adult cadavers 
following the mjection of formalin Further measurements, after all 
the soft tissues had been removed, showed a dunmution of 4 7 and 
2 8 mm for male white and male negro cadavers, respectively These 
differences amount to less than 2 per cent The changes reported m 
our senes are well outside of this error 


TABLE 1 

Expcnmenlal errors tn making measurements 


Dimension 

1 

Number 

of 

paUents 

Number 1 
of 

measure 

ments 

Average 

Standard 

deviation 

CoefB 
dent of 
variation 

Total body length 

14 

123 

mm 

598 

mm 

2 2 

ptT cent 

04 

Sitting height 

18 

162 

449 

2 3 

0 5 

Diameter of face (bimalar) 

11 

110 

86 1 

1 03 

1 2 

Bicnstal diameter 

14 1 

136 

102 0 

1 35 

1 3 

Biacromial diameter 

20 

206 

147 0 

1 46 

1 0 

Circumference of thorax at nipples 

13 

126 

379 7 

2 43 

0 6 


3 Variations tn muscle tone 

Since the measurement of total body length is made by placing the 
child on the measurmg board and stretchmg him as much as possible, 
it IS conceivable that infants with good muscle tone might be more 
difficult to stretch to their full body length and so would appear shorter 
than infants with poor muscle tone Such vanations might well be 
selective, healthy mfants havmg better muscle tone and consequently 
appeanng shorter than sick mfants or those poorly nounshed This 
source of error was investigated m the followmg way Smee differences 
m muscle tone are manifested prmcipaUy by the degree of flexion 
at the knee, the difference between the total length of the lower 
extremity as measured from the antenor supenor ihac spine to the sole 
and as computed from the sum of the thigh length and the tibia sole 
length was determined m each of a number of mfants Groups of 
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infants were then compared as to the source of matenai, sex, and the 
presence of illness The results are shown m table 2 
The percentage reduction m total body length vanes from 0 7 to 0 9 
per cent. It does not vary significantly for the different groups of 
babies 


TABLE 2 


Reduction in total body ien[th due to Jiexion at the knee 



Kombet o( 
P*UcnU 

tctal body 
lenftb 

' Avens« dif 
la face loircf 
cxtnmity 
(ctlcoUt^ 
mloos 

obtCTvtdj 

PtrccDtice 
redoctioo hi 
tot&l body 
leo^ (me 
to aexlon 
at knee 

Healthy infants, Fifth Avenue Hospital 1 

52 

MM 

633 

MM 

5 7 

0 9 

Healthy infants, Bdlevne Ho^ltaL ' 

46 


4 3 ' 

0 7 

Newborns, male 1 

108 1 

505 

4 4 

0 9 

Newborns female 

51 1 

499 

4 7 

0 9 

Infants with acute IntcstiaAl Intcudcatlon 

21 

567 

! 

0 7 
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Measurements of the external dimensions of healthy mfants were 
made m order to estabhsh curves of central tendency with which to 
compare sick, mfants This report comprises a desenpbon of the 
methods employed for statistical analysis and for the presentation of 
data and a comparison of 2 groups of healthy mfants from difierent 
soaal environments 

This senes consists of over 18,000 measurements on 646 mfants 
under 1 year of age of whom 303 were males and 343 females In 
addition more than 1200 newborn mfants have been measured Data 
on these are not reported here 

The mfants used m this senes were healthy m the sense m which 
this term is generally used, i e they were not suffenng from acute or 
chrome illness nor were they strikingly underweight. 

Only mfants of Caucasian antecedants have been mcluded The 
techmque for making measurements of the external dimensions of 
mfants has been desenbed m detail m the precedmg paper (1) 

Except m occasional instances the entire senes of measurements 
(30 m all) was made on each patient Measurements of the head 
durmg the first 3 days of hfe have not been mcluded m the graphs or 
calculations because of distortion due to head moldmg at birth A 
senes of head measurements on infants durmg the second week of 
hfe has been substituted for those omitted Chest measurements 
durmg the first 3 days of hfe have been excluded because of the 
fluctuations m size madent to the establishment of the respiratory 
function m the newborn (2) 
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This senes is made up of 2 groups of infants which will 
designated as Group A and Group B 

DESCRIPTION OF GROUP A INFANTS 

Group A consists of 475 mfants, most of whom were 
Fifth Avenue Hospital and observed repeatedly m a speai 
small number of patients from private practice (25 infan 
42 times) are mcluded in this group 
With few exceptions the income of the parents vaned o 
rangmg between $30 and $35 per week (m 1929) 

Most of the infants were partially or completely bree 
3 to 6 months All patients from private practice an 
attending regularly the special clmic at the Fifth Aven 
received cod liver oil and orange juice after the age of 3 
yolk, and vegetable or cereal by the fourth month 
All infants used m this study were bom m the United 
order to study the influence of race on the proportions of i 
dimensions of the body, Group A infants were divided m 
by descent, North European, consisting of Irish, Scotc 
German, Scandinavian and Finnish (234 infants) , Central 
consisting of French, Hunganan, Rumaman, Polish, Czech' 
and Austrain (20 infants) , Mediterranean, consistmg of So 
Greek, Turkish and Spanish (126 mfants), and infants of P 
Polish-Jewish descent (106 infants) In a small group the 
not be ascertamed with any degree of accuracy 

The dimensions of the mfants in each of the 4 groups 
pared, m relation to body length, with the total group b; 
scatter diagrams for cephalic breadth, chameter of face 
bxgonial diameter, arcumference of thorax, biacromial 
bicnstal diameter and length of radius In no instance ^ 
ences in the proportions of the external dimensions apparer 
In table 1 the proportions of several dimensions to total t 
are compared for North European, Jewish and Mediterrani 
Averages, standard deviations and probable errors are 
relation to total body length Differences in the various 
of infants of each of the racial groups and the probable ei 
differences are also mcluded The differences are small 
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4i(M» 5SO±0 39 2 83 54 1 ±0 77 2 98 SS 7 ±0 57 3 49 0 9 ±0 87 1 3 -0 7 ±0 69 -1 0 -1 5±0 96 -1 7 

500-549 61 3 ±0 36 4 46 60 5 ±0 59 4 54 60 5 ±0S0 420 08±0 71 11 08±0 63 1 3 0 0=t0 77 00 

550-599 61 7 ±0 38 3 74 66 1 =b0 SO 3 25 64 0 ±0 S3 3 41 -1 4 ±0 64 - 2 2 0 7 ±0 65 1 1 2 1 ±0 74 2 8 

600-649 68 7 ±0 48 3 91 68 5 ±0 70 4 28 69 7 ±0 50 3 46 0 2 ±0 85 0 2 -1 0 ±0 69 -1 5 -1 2 ±0 86 -1 4 
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from one another irregularly These results are illustrated m chart 1 
The average Imes for the Bellevue Hospital mfants are consistently 
lower than the Imes for each of the racial groups of Fifth Avenue 
Hospital infants 

In this senes, therefore, no significant differences were apparent in 
the proportions of the vanous body dimensions to total body length 
in the three raaal groups studied It is possible that, m a larger 
senes, differences might be found The senes is sufficiently large, 
however, to show that an environmental factor may influence body 
build 

All averages were calculated separately for sex The males are 
significantly larger, relative to stature, m the hand and foot dimen- 
sions, and m the upper faaal height These differences have been 
treated statistically, m a manner similar to that used forcompanson 
of infants of vanous raaal groups, but calculations are not mcluded 
m this report 


DESCRIPTION OE GROUP B INEANTS 

Group B consists of 171 healthy mfants admitted to the wards of 
Bellevue Hospital either as foundhngs or because of illness of the 
mothers 

The mcomes of the parents m the Bellevue distnct are very small, 
rangmg between $15 and $22 per week (m 1929) Unemployment is 
common 

There was no control of the diets before adrmssion to the hospital 
Most of the infants m the BeUevue distnct are artifiaaUy fed from 
early hfe The mtake of energy-yieldmg foods is often madequate 
Small amounts of orange juice are given, but only rarely cod hver oil 

It was not possible to ascertam the descent of most of the infants 
because of the large proportion of foundhngs The healthy Bellevue 
infants are mainly of Insh descent 

GROWTH IN WEIGHT DURING THE EIRST YEAR OE LIFE 

In chart 2 the weights of Group A and Group B mfants are com- 
pared m relation to age durmg the first year of hfe Age m weeks is 
represented as the absassa, weight as the ordmate The contmuous 
hne IS the weight-age curve given by Holt and Howland for healthy 
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Chart 2 Weight Cdrve Doriho the First Year or Ijee 
The continuous line is the Rge weight curve for healthy infants given by Holt 
and Howland The dots represent averages for the Fifth Avenue Hospital 
infants, circles connected b> the broken hne, Bellevue Hospital infants 



Chart 3 Growth oe Total Body Lenotb Ddring the First Year op Lite 
The continuous line is the curve of central tendency calculated according to the 
formula given in the text The dots represent averages for the Fifth Avenue 
Hospital infants, the circles connected by the broken line, Bellevue Hospital 
infants. 

infants (3) The dots represent average weights for the Group A 
infants, the circles connected by the dotted line averages for the Group 
B infants The Group A mfants follow the normal curve closely 
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The Group B infants, after the first month of hfe, fall far below The 
irregularity m the distribution of the averages for this group is due, 
m part to the small number of cases (no foundhngs are included smce 
the ages are unknown exceptmg those admitted durmg the new bom 
period), and m part to a selective death rate, the thin babies dymg at 
an earher age than the heavier ones 

GROWTH IN TOTAL BODY LENGTH DURING THE FIRST YEAR OF LIFE 

In chart 3 the total body length of Group A and Group B infants 
are compared by age Age m weeks is represented as the absassa, 
total body length as the ordinate The contmous hne is the curve of 
central tendency for mcrease of total body length in relation to age 
durmg the first year of hfe for Group A infants The dots represent 
averages of total body length for Group A mfants, the CHcles, con- 
nected by the dotted Ime, averages for the Group B infants After 
the second month of life the Group B infants faU below the curve of 
central tendency, indicating a retardation m growth of total body 
length 

The empincal formula for this curve, computed by the method of least squares, 

IS, 

Z, = 493 + 1 2 r -f- 170 log (0 25 r + 0 5) (1) 

where L represents total body length in mm , and T age m weeks From this 
formula and the empincal formulae given m table 2 for the relationship between 
the vanous external dimensions and total body length, empincal formulae for the 
relationship bettween vanous dimensions and age can be readily computed 
Thus for facial diameter, where F represents facial diameter, 

F = 0 107 L 4- 20 4 (2) 


Transposing (2), 


F - 20 4 
0107 


(3) 


Substitutmg, 


F - 20 4 
0 107 


for L m (i) we have, 


F = 73 3 + 0 128 r 4- 18 20 log (0 25 F 4- 0 5) 


(4) 



KAEST SLASinX AXD EOS SOEEIS SAKSIS 

GEOSEH or TEE EXTEESM. DUIEXSrOVS OT IHH EODT IS EELAH 
TOrAL EODI rESCIE 

The method used for presentrog the data OQ grorrth of the a 
dnneasions m relation to total bodt length is esscntiaOv the K 
that used hv Scaroitou aud Calkins \fl tkeir stud^ of groTOi 
fetal penod'(4} The advantages of using total body length 

than sitting height as a base are discussed Im Scammon and Calk 

Scatter diagrams vrere constructed for each aimension mth ! 
represented as the absassa and the dimension m question 
ordmatc The data for each dunension urere then dmded 
groups on the basis of stature, each group representing a 5 
intenul Kumencal averages for both stature and the dnnen 
question -n-ere calculated for each of the 6 groups and these ai 
were used m the derivation of empirical formulae for the cu 
central tendency 

It appeared that the dimensions measured could be adec 
represented by straigjit Ime curves when plotted in relation t 
body length Curves have been computed oiil> for infants 
750 mm m total body length 

Scatter diagrams and curves of central tendencj for the relati 
m Group A infants, between total bodj length and diameter 
(bimalar), bjgomal diameter, biacromial diameter of trur 
cumference of thorax at the nipples and bicnstal diameter are 
m chart 4 Dots represent measurements on female infants, 
on males The continuous lines are the curv es of central te 
plotted according to the empmcal formulae gi\ en m table 2 
In table 2 are shown the constants m the empmcal formulae 
cun es of central tendenry of the dimensions listed m the firs 
of this senes (1) The formulae, with the exception of those fi 
di a m eter (bimalar), bigomal diameter, orcumference of th 
nipples, and bicnstal diameter were computed on the basis of n 
ments on 320 infants from the Fifth Avenue Hospital and 61 
from Bellevue Hospital 

The compllatioa of these data was made onginalh on320hea]thj loSi 

the Fifth Avenue Hospital and 61 healthj infanta from Behevue Hospital 
differences were found m the pit^rbons of the bodj dlmensjons of the 2 
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became apparent that they could not be treated together In the meantime 
more measurements had been made at both hospitals and the onginal senes, 
enlarged by the addition of the new measurements, has been used m this paper 
except when otherwise stated Havmg two groups of infants from two hospitals. 


TABLE 2 

Constants %n emptrtcal formulae (y = ax + b)* for computmg the curves of central tendetKy 

from total body length 


Bimenslos 

Com 

& 

itanU 

b 

Sittmg height 

0 545 

71 6 

Circumference of head 

0 458 

118 

Cephahc length 

0 127 

55 

Cephahc breadth 

0 154 

14 5 

Diameter of face (bimalar) 

0 107 

20 4 

Bigomal diameter 

0 074 

21 5 

Upper facial height (nasion-prosthion) 

0 039 

12 4 

Height of lower jaw 

0 028 

3 8 

Height of nose 

0 026 

8 8 

Breadth of nose 

0 017 

12 9 

Inter-umer canthus diameter 

0 016 

14 1 

Length of palpebral fissure 

0 024 

8 1 

Length of ear 

0 053 

9 6 

Breadth of ear 

0 024 

12 7 

Circumference of thorax at the mpples 

0 562 

42 

Biacromial diameter 

0 239 

-9 6 

Bicnstal diameter 

0 168 

-4 3 

Length of humerus 

0 164 

2 3 

Length of radius 

0 116 

12 1 

Length of hand 

0 095 

16 2 

Length of palm 

0 055 

8 7 

Breadth of palm 

0 043 

9 8 

Length of middle finger 

0 040 

13 5 

Length of tibia 

0 170 

5 4 

Length of thigh 

0 247 

-7 9 

Height of foot 

0 059 

-5 8 

Length of foot 

0 121 

15 8 

Breadth of foot 

0 053 

4 0 


* y equals the Imear dimension m queshon, * equals total body length, a and 6 are 
constants 


an'old and a new group, permitted vanous checks to be made Thus, the differences 
noted below m the proportions of the external dimensions of Group A and Group B 
mfafits have been checked on two different groups from Bellevue Hospital and 






/w iii^ 


Chast 4 The Relationship Betw'een Total Body Length and Vawous 
Linear Dimensions Durino the First Year op Lite 
(Fifth Avenue Hospital Infants) 

Dots represent individual measurements on females, the circles on males. The 
continuous lines arc the curves of central tendency plotted according to the form- 
ulae given in table 2 
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liave been controlled by the absence of such changes when the new Fifth Avenue 
Hospital group has been compared with the old 

COMPARISON OE THE PROPORTIONS OE THE EXTERNAL DIMENSIONS OE 
HEALTHY INFANTS EROM THE EIETH AVENUE AND 
BELLEVUE HOSPITALS 

The 171 infants m Group B were compared for vanous dimensions 
with the curves of central tendency for Gtoup A by means of scatter 
diagrams No differences were found for the relative lengths of the 
foUowmg dimensions arcumference of head, cephalic length, cephalic 
breadth, upper facial height, length of humerus, radius, femur and tibia 
Differences were noted for the facial diameter (bunalar), the bigomal 
diameter, the circumference of the thorax, the bicnstal diameter, and 
the biacromial diameter, the Group B mfants m each mstance tendmg 
to faU below the curves of central tendency, mdicatmg that the Group 
B mfants are relatively narrower m their transverse dimensions and 
chest than the Group A infants These differences are not marked for 
infants below 550 mm m height, beyond this the difference tends to 
increase, approximating m most mstances from 5 to 7 times the 
probable error These results are shown m tables 3 and 4 and are 
illustrated graphically in charts 5 and 6 Tables 3 and 4 mdude 
standard deviations and probable errors for 6ach of the dimensions at 
vanous levels of total body length 

When comparisons were made of the biacrormal diameter, it was 
found that the new measurements were larger than the old, both for 
the Fifth Avenue Hospital and the Bellevue Hospital infants, owmg, 
presumably, to an unconscious change m the techmque of measurmg 
Separate calculations of the biacromial diameter have therefore been 
made for the new groups of mfants only, and are shown in table 4 and 
chart 6 

Approximately fifty Bellevue Hospital infants, admitted when 
healthy and measured before the onset of illness, developed acute 
mtestmal mtoxication These have not been mcluded m the Group B 
senes As will be shown m a later paper, mfants with this condition 
are smaller m their transverse diameters and chest circumference 
relative to stature, than are either Group A or Group B infants Had 
these been mcluded m the Bellevue group the discrepancy between it 
and the Fifth Avenue group would have been even greater 
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TABIE 3 

Campanson of Du proportions of the external dimensions of kealPip infants from the Fifth 
Asentie and BeUeoue Hospitals 


CllM 

Run of total 
body length 

1 Filth Avcirae BotplUl (A) 

BcUerue Hospital (B) 

Nontber of 
Inlaota 

Total body 
lesxth aTtiife 

Number of 
iniaats 

Total body 
lenytb averan 

1 

MR. 

45CM99 

54 

mm. 

484 

44 

mm 

487 

2 

500-549 

135 

524 

40 ' 

521 

3 

550-599 

76 

577 

24 

568 

4 1 

600-649 

72 

624 

22 

628 

5 

650-699 

S4 

675 

21 

677 

6 

700-749 

54 

725 

20 

728 


Fifth Avnrae Hocpiul f A) 


Av«rtxe 

probabtt 


lod 

«Tur 


BctlcTM EofpfUl (6) 


robtolec 


DIUtTCDCt 
OfospAiahos 
Om^ B a&d 
protMole errof 
(dUTutoce) 


Differwco 

divided 

by 

prol^Ie 

•rror 

(dlllettiice) 


ft DUmeter of fftce (blmalax) 




ante 

per cwf 

mm 

mm. 

ctni 

mm. 


1 

71 0 ±0 28 

3 03 

4 2 

70 8 ±0 29 

2 81 

3 9 

0 2 ±0 40 

0 5 

2 

75 3 ±0 23 

3 99 

5 3 

75 3 ±0 44 


5 5 

0 0 ±0 49 

0 0 

3 

82 4 ±0 34 

4 38 

5 3 

78 3 ±0 58 

4 28 

5 4 

4 1 ±0 67 

6 1 

4 

88 1 ±0 31 

3 95 

4 5 

84 8 ±0 42 

2 89 

3 4 

3 3 d=0 52 

6 3 

5 

93 9 ±0 37 

5 07 

5 4 

91 4 ±0 64 

4 35 

4 7 

2 5 ±0 74 

3 4 

6 

97 4 ±0 37 

4 06 

4 2 

93 9 ±0 48 

3 15 

3 3 

3 5 ±0 61 

5 S 


b Bigooiftl diftmeter 


1 55 6 ±0 36 

3 91 

7 0 

54 1 ±0 28 

2 76 

5 1 

1 5±0 45 


4 78 

7 7 


4 24 

Ml 

2 8±0 S3 

65 4 ±0 31 

4 05 

6 2 

61 6 ±0 62 

4 48 

7 3 

3 8±,0 69 

69 4 ±0 31 

3 79 

5 4 

66 2 ±0 62 

4 48 

6 8 

3 2 ±0 69 

71 8 ±0 29 

3 90 

5 4 

69 3 ±0 47 

3 17 

4 5 

2 S±0 54 

74 2 ±0 37 

ESS 



3 26 

4 6 

3 4 ±0 61 


3 $ 
5 3 
5 5 

4 7 

4 6 

5 6 


c, drcumfercnce of thorax ftt nipples 


1 

308 d=l 10 

12 1 

3 9 

308 ±1 30 

12 1 

3 2 

0 ±1 70 

2 

334 ±0 93 

16 1 

4 8 

329 ±2 07 

19 4 

5 9 

5 ±2 27 

3 

369 ±1 48 

19 2 

5 2 


18 9 

5 4 

16 ±2 91 

4 

397 ±1 42 

18 4 

4 6 


14 5 

3 8 

19 ±2 56 

5 

422 ±1 37 

18 5 

4 4 


9 6 

2 3 

12 ±1 98 

6 

450 ±1 87 

20 7 

4 6 

438 ±2 80 

18 5 

4 2 

12 ±3 37 


0 0 
2 2 
s s 

7 2 
6 1 
3 5 
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TABLE 3 — Concluded 



Filth Avenue Hospital (A) 

Bellevue Hospital (B) 

Difference 
Group A minus 
Group B and 
probable error 
(difference) ] 

Difference 

divided 

by 

probable 

error 

(difference) 

Class 

PPI 

■1 

ta 

^ o 

c/3 

Coefficient of 
vanatjon 

Avcraw and 
probable error 

Standard 

deviation 

Coefficient of 
variation 




d 

Btcnstal diameter 





mm 

mm 

percent 

mm 

mm 

per 

cent 

mm 


1 

75 4 ±0 40 

4 30 

5 7 

71 8 ±0 70 

6 86 

9 5 

3 6 ±0 81 

4 4 

2 

81 6 ±0 40 

6 72 

8 2 

78 3 ±0 74 

6 88 

8 8 

3 3 ±0 84 

3 9 

3 

93 5 ±0 51 

6 54' 

7 0 

88 7 dbO 91 

6 68 

7 5 

4 8 ±1 04 

4 6 

4 

101 7 ±0 53 

6 60 

6 5 

96 4 ±0 98 

6 78 

7 0 

5 3 ±1 11 

4 8 

5 

110 7 ±0 53 

7 20 

6 5 

104 6 ±0 76 

5 12 

4 9 

6 1 ±0 93 

6 6 

6 

117 2 ±0 59 

6 56 

5 0 

110 3 ifcO 94 

6 22 

5 6 

6 9 ±1 11 

6 2 


TABLE 4 


Companson of the proportions of the biacromtal diameters of healthy infants from the Fifth 

Avenue and Bellevue Hospitals 


Ranee 
of total 
body 
leneth 

Fifth Avenue Hospital (A) 

Bellevue Hospital (B) 

Difference 
Group A minus 
Group B and 
probable error 
(difference) 

Difference 

divided 

by 

probable 

error 

(difference) 

Number of 
cases 

AveraCT and 
probable error 

Standard 

deviation 

Number of 
cases 

AvemKc and 
probable error 

Standard 

deviation 

mm 


mm 

mm 


mm 

mm 

mm 


450-499 

23 

115 2 ±0 65 

4 66 

12 

116 Oil 10 

5 66 

-0 8 il 27 

-0 7 

500-549 

69 

124 8 ±0 47 

5 78 

42 

121 3 iO 62 


3 5 iO 78 

4 5 

550-599 

60 

136 4 ±0 54 

6 16 

22 

127 8 iO 88 


8 6 il 03 

8 3 

600-649 

54 

147 1 ±0 63 


22 

145 5 iO 84 

5 86 

1 6 il 05 

1 5 

650-699 

66 

160 9 ±0 49 

BE 

23 

157 0 iO 95 

6 72 

3 9 il 07 

3 6 

700-749 

55 

172 7 ±0 79 

8 68 

31 

169 4 iO 79 

6 52 

3 3 il 12 

29 


The difierence between the two groups of infants are not dependent 
on differences m race, since as shown above, this was found to be 
without influence on the proportions of the body dimensions m this 
senes Nor does it seem hkely that techmcal errors in making 
measurements, dependent on the greater amount of subcutaneous fat 
m the Group A infants, can account for the differences found The 
factor of muscle tonus vanations has also been considered (1) and has 
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DIMENSIONS OF HEALTHY INFANTS 


been found to be without influence m explaining differences in the 
proportions of the dimensions of the two groups 

COMMENT 

Accompanymg the delay in weight gam of infants from poor homes 
there is a retardation in the growth of the hnear measurements 
This IS more marked for the transverse diameters, (facial diameter, 
bigonial diameter, biacromial diameter and bicnstal diameter) and for 



Chart 6 Comparison of the Proportions of the Biacromiai. Diameter of 
Fifth Avenue and Bellevue Hospital Infants 
The solid hues connect the average points for Fifth Avenue Hospital infants, 
the broken lines the Bellevue Hospital infants 

the circumference of the thorax, than for the cephalocaudal or vertical 
dimensions (total body length, upper facial height, length of humerus, 
radius, femur and tibia) There results a change m the proportions 
of the external dimens ions, the mfants from poor famihes becommg 
relatively narrower than infants from families of moderate mcome 
It seems reasonable to assume that this change is dependent on the 
environmental factors implied m the difference m the soaal condition 
The factors mfluencmg growth and development at this age, such as 
diet, atmospheric conditions and infection all vary with the social 
condition 
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Racial differences (Caucasians only), if they play any part in ^ 
determining body build in infanta, were too small to be apparent m 
this study 

It IS not possible to say whether these changes m body build are 
pennanent That they are profound and clmically significant will be 
shown m the paper on the relationship between body build and disease 
durmg infancy 

The changes m body build here noted recall the well known observa- 
tions of Boas (5), who found a change m body build of Amencan bom 
children of immigrants 


SUMMARY 

1 Measurements of the external dimensions of 2 groups of healthy 
mfants under 1 year have been made 

2 One group was observed, for the most part, at a speaal dime at 
the Fifth Avenue Hospital The infants came from famflies of 
moderate mcome and received diets adequate m the known essential 
food substances at an earlj age The second groiyi, many of whom 
were foundhngs, was observed at Bellevue Hospital The infants 
came from very poor famihes and their diets were probably madequate 
m several of the known essential food substances as well as m the total 
mtake of energy-yieldmg foods 

3 After the first month and at least until the end of the first vear of 
hfe (calculations have been made only for the first year of life) the 
infants from the poor homes (Bellevue district) weighed less and were 
shorter m stature than those from the better homes (Fifth Avenue 
Hospital patients) 

4 Usmg total body length as a base Ime empirical formulae have been 
computed for curves of central tendency for the vanous external 
dimensions of the bodies of the infants from homes of moderate 
mcomes 

5 Above 550 mm m body length infants from the poorer homes are 
smaller, relative to total body length, m their transverse diameters 
and m the circumference of the thorax, than are mfants from better 
homes The retardation m the growth of the external dimensions, 
accompanymg the delay m weight gam, is greater for the transverse 
than for the cephalocaudal, or vertical dimensions 
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6 No differences m the proportion of the external dimensions of the 
body due to race (Caucasians only) were apparent m this senes 
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BODY BUILD IN INFANTS 

TTT BoDV Bunx) IN Disease 
Bv HARRY BAKWIN and RHTH MORRIS BAKWIN 
(From Iht DeparlmenI oj Diteasa of Children New 1 orh Unltersily and BtSUtue BospiUd 
Uedicol CMeie, The CkOdren'i Uedual Senke, Bdlemt HoipUal and 
The Fifth Avenue Uotpital New York) 

(Received for publication January 30, 1931) 

Measurements of the external dimensions of sick infants were made 
and compared with the values obtained in healthy infants (1) 

The techmque employed for making the measurements has been 
described m a previous paper (2) 

DESCRIPTION OF MATERIAL 

Only sick infanta observed at Bdlevue Hospital are reported here 
and hence, comparisons are made only with the healthy infants 
admitted to Bellevue Hospital 

a Acute tnlesitnal tnloxtcalwn Acute intestinal mtoncation is here 
used to designate a type of reaction m infants charactenred by som- 
nolence alternatmg with periods of hyper-irntabihty and at times 
convulsions, cyanosis, hypeipnea, ohguna or anuna, and evidence of 
dehydration There is usually fever and an associated infection 
Diarrhea and vomiting may or may not be present There are no 
charactenstic gross anatomical changes except, perhaps, m the hver 
Most of the infants here reported were ill during the wmter months 
There were 133 infants m this group of whom 64 were males and 69 
females Forty-four (33 per cent) were adimtted to the hospital and 
measured before the onset of illness Forty infants (30 per cent) were 
foundhngs There were 78 deaths (59 per cent) 

b Tetany By tetany m infanta is meant a metabohe disorder 
resultmg from deprivation of vitarmn D or sunhght, characterized by a 
tendency to convulsions and spasms of vanoua kmds The calaum 
concentration m the serum is regularly diminished and tiiere is a 
change m the reaction to galvamc stimulation It may be cured by 
the administration of vitamin D or ultraviolet radiant energy 
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Only infants in whom the serum calaum concentration was below 
8 0 mgm per cent are mcluded in this group The diagnosis was 
confirmed m most mstances with the electrical reactions There were 
45 infants in this group of whom 28 were males and 17 females 
c Eczema Only mfants with typical facial eczema are mcluded 
There were 59 infants m this group of whom 41 were males and 18 
females 

TABLE 1 


Comparison of the total body lengths of healthy infants and sick infants at Bellevue Hospital 


Age 

1 

Healthy 

Acute intestinal 
mtOTication 

Tetany 

Eczema 

Number 
of cases 

Average 
total body 
length 

Number 
of cases 

Average 
total b^y 
length 

Number 
of cases 

Average 
total body 
length 

Number 
of cases 

Average 
total body 
length 

weeks 


mm 


fnm 


mm 


mm 

0-3 

31 

516 


507 





4-7 

19 

532 


523 





8-11 

13 

537 


516 

4 

531 


576 

12-15 

9 

594 

20 

563 




618 

16-19 

8 

612 

10 

601 

5 

592 


641 

20-23 



11 

619 

9 

605 


650 

24r-27 

6 

628 

8 

621 

3 

622 


657 

28-31 

9 

640 

2 

642 

7 

645 

4 

667 

32-35 

3 

673 

4 

630 

8 

672 

4 

653 

36-39 

5 

693 

5 

656 


650 



40-43 

7 

688 

2 

653 





44-47 

3 

690 

4 

708 


693 



48-51 

6 

702 

2 

673 






EXPLANATION OF CHARTS 

A number of charts, illustrating the differences m the proportions 
of the external dimensions of infants in health and disease, are shown 
In each chart total body length is represented as the absassa, the 
dimension m question as the ordmate The broken hnes connect the 
average pomts for the healthy BeUevue Hospital infants Circles 
mdicate infants with acute mtestinal intoxication, dots mfants with 
tetany, and crosses mfants with eczema 

RESULTS 

In table 1, the total body length of healthy and sick mfants at 
Bellevue Hospital are compared m relation to age Infants with acute 
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intestinal intoxication are, on the average, shorter than the healthy 
mfants, while infants with eczema are longer The mfants with 


TABLE 1 

ComfaHton of infanit with acttle tnitsllnal tnUixuollon and hcdtky inf atsis from SelUme 

ffospftcl 


KAsnof 
tOUl tio^ : 
lenirth 


Hetliliy BelUroe Botplul 

lot&aU wiUi lotettin*! Intoxic&Uon 

Dlffereoct 
bcaitby infests 
minus Infsnts 
with tetestiss] 
intoxication end 
prohsbk error 
(dllfeiTOoe) 

Avenn aiid 
ptotwbU error 

Suad 

ud 

derU 

Nuso- 

borof 

cuo 

Avcnittfid 
probabiQ error 

SUfid 

erd 

devia 

tloo 


DliSereocc 

cBHded 

by 

pniuible 

error 

(dlllercDCo) 


a. Diameter of face (bimalar) 


0m 

4S(M99 

70 8 ±0 29 

sm. 

2 81 

16 

68 3 ±0 53 

MW. 

3 IS 

MM. 

2 S±0 60 

4 2 

500-549 

75 3 ±0 44 

4 20 

S3 

72 6 ±0 38 

4 05 

2 7 ±0 56 

4 8 

550-599 

78 3 ±0 58 

4 28 

27 

78 3 ±0 38 

2 96 

0 0±0 69 

0 0 

6(»'«9 

84 8 ±0 42 

2 89 

27 

82 9 ±0 71 

5 49 

1 9±0 &3 

2 3 

650-599 

91 4 ±0 64 

4 35 

10 

86 6 ±0 47 

2 21 

4 8 ±0 79 

6 1 


b BlgonUl diameter 


450-199 

54 1 ±0 28 

2 76 

16 

53 2 ±0 40 

2 37 

0 9 ±0 49 

1 8 

500-549 

58 0 ±0 45 

4 24 

53 

56 8 ±0 26 

2 98 

1 2 ±0 52 

2 3 

550-599 

61 6 ±0 62 

4 48 

28 

60 9 ±0 38 

2 98 

0 7 ±0 73 

1 0 

600-649' 

66 2 ±0 62 

4 48' 

27 

64 7 ±0 63 

4 84 I 

1 5 ±0 88 

1 7 

650-699 

69 3 ±0 47 

3 17 

10 

67 1 ±0 44 

2 05 

2 2 ±0 64 

3 4 


c, Clrcumferciico of thorax at nipples 


450-499 

500-549 

550-599 

600-649 

650-^599 

308 ±1 30 
329 ±2 07 
353 d=2 51 
378 ±2 M 
410 ±1 43 

U 1 
19 4 
18 9 
14 5 

9 6 

13 

52 

27 

26 

10 

295 ±1 90 
320 ±1 61 
344 ±2 64 
369 ±3 00 
398^=3 68 

11 25 
17 10 
20 80 
23 05 
17 20 

33 ±2 30 
9 ±2 62 
9 ±3 64 
9 ±3 63 
12 ±3 95 

5 7 

3 5 

2 S 

2 5 

3 0 

d Bkristal diameter 

450-199 

71 9 ±0 70 

6 86 

16 

74 4 ±0 62 

3 68 

-2 6 ±0 94 

-2 8 

500-549 

78 3 ±0 74 

6 88 

53 

81 3 ±0 40 

4 56 

-3 0 ±0 84 

-3 6 

550-599 

88 7 ±0 91 

6 68 

26 

88 1 ±0 75 

5 86 

0 6 ±1 18 

0 S 

600-649 

96 4 ±0 98 

6 78 

27 

97 6 ±0 89 

6 84 

-1 2 ±1 32 

-0 P 

650-699 

lot 6 ±0 76 

5 12 

mm 

103 4 ±0 97 

4 54 

1 2 ±1 23 

1 0 


tetany are spread over so wide an age range that the averages have 
httle value 























TABLE 3 

Comparison of infants with tetany and healthy infants from Bdleviie Hospital 


Ranje ot 
total body 
length 

Healthy Bellevue Hospital 
infants 

j Infants with tetany 

Difference 
healthy infants 
ramus infants 
with tetany and 
probable error . 
(difference) I 

Difference 

divided 

by 

probable 

error 

(difference) 

Average and ^ 
probable error | 

Stand 

ard 

devia- 

tion 

Num 
her of 
cases ! 

AveraM and 
probable error ] 

Stand 

ard 

devia 

Uon 

a Diameter of face (bimalar) 

mm 

mm 

1 

mm 


mm 

mm 

mm 

■■ 

600-649 

84 8 ±0 42 

2 89 

! 13 

93 9 ±0 53 

2 81 

I -9 1 ±0 68 


650-699 

91 4 ±0 64 

4 35 

18 

96 1 ±1 02 

6 42 

-4 7 ±1 20 

■o 


b Bigomal diameter 


600-649 

66 2 ±0 62 

4 48; 

14 j 

71 9 ±0 88 

4 92 

-5 7 d=l 08 , 

-5 3 

650-699 

69 3 ±0 47 

3 17 

18 j 

73 8 ±0 78 

4 91 

-4 5 ±0 91 

-4 9 

c Circumference of thorax at nipples 

600-649 

378 ±2 04 


H 

401 ±4 47 

25 60 

-23 ±4 91 

-4 7 

650-699 

410 ±1 43 

ID 

H 

421 ±3 16 

19 45 

-11 ±3 47 

-3 2 


d Bicnstal diameter 


600-649 

96 4 d=0 98 


Bi 

101 4 ±0 82 

4 68 

-5 Oil 28 

-3 9 

650-699 

104 6 dbO 76 

BS 

H 

111 3 ±0 76 

4 76 

-6 7 il 08 

-6 2 


TABLE 4 

Comparison of infants lOith eczema and healthy infants from Bellevue Hospital 


Ranw of 
total oody 
length 

Healthy Bellevue Hospital 
infants 

Infants with eczema 

Difference 
bealthy infants 
minus infants 
with eczema and i 
probable error 
(difference) 1 

Difference 

divided 

by 

probable 

error 

(difference) 

Average and 
probable error 

Stand 

ard 

devia- 

tion 

Num- 
ber of i 
cases 

Averatt and 
probable error 

Stand 

ard 

devia 

tion 

a Diameter of face (bimalar) 

vtm 1 

mm 

mm 


mm 1 

mm 

mm 


600-649 

84 8 ±0 42 

^ 89 

19 

89 5 ±0 61 

3 94 

1 -4 7 ±0 74 

1 -6 4 

650-699 1 

91 4 ±0 64 

4 35 

20 

93 8 ±0 59 

3 91 

-2 4 ±0 87 

-2 8 


b Bigomal diameter 


600-649 

66 2 ±0 62 

mm 


68 5 ±0 55 

3 39 

-2 3 iO 83 

-2 8 

650-699 

69 3 ±0 47 



73 3 ±0 65 

4 28 

-4 0 ±0 80 

-5 0 


c Circumference of thorax at mpples 


600-649 1 
650-699 

378 ±2 04 
410 ±1 43 

14 50 
9 60 

1 

19 

20 

393 ±2 64 
416 ±2 44 

a 

1 -15 ±3 34^ 
-6 ±2 81 

-4 5 
-2 1 

d Bicnstal diameter 

600-649 

650-699 

96 4 ±0 98 
104 6 ±0 76 

6 78 
5 12 

19 

19 

102 9 ±0 60 
111 2 ±1 10 

m 

-6 5±1 15 
-6 6±1 34 

-5 6 
-4 9 
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In tables 2, 3 and 4, vanous external dunensions of healthy and sick 
infants are compared m relation to total body length The dis- 
tnbution of the measurements on mdividual patients is illustrated m 
charts 1 to 4 



CuAfiT 1 The Reiaiive Width or the Face (Biualae Diauetee) in Inpakts 
WITH Vamous Diseases 


Aaile tniesltml tnioxtcalwn It is apparent from the charts that the 
circles, mdicatmg patients with acute mtestmal mtoncation, tend to 
fall below the average hnes for healthy infants for the diameter of face, 
the bigonial diameter and the atcumference of the thorax. There is 
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no difference for the bicnstal diameter These differences, though 
not always large enough to be significant, are nevertheless regular, the 
averages for the mfants with acute mtestmal mtoxication bemg 
constantly lower than those for the healthy infants with the exception 
of the bicnstal diameter 



Chart 2 The Relative Diameter at the Angle of the Jaws (Bigonial 
Diameter) in Infants with Various Diseases 

T etany The dots, mdicatmg measurements on mfants with tetany, 
tend to fall above the average hnes for the healthy infants for all four 
dimensions shown Differences from the healthy have been calculated 
for mfants rangmg from 600 to 649, and 650 to 699 mm m height only, 
smce these were the only groups m which the number of cases was 
suffiaently large to make the results sigmficant Averages for the 





Chakt 3 The Relative CmcrotFEHENCE or the Thorax in Ineants with 
Variocb Diseases 
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Chart 4 The Relative Width of the Hips (Bicristal Diameter) in 
Infants wiih Various Diseases 
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infants witli tetany were regularly higher than for the healthy infants, 
the difierence m all instances being greater than three tunes the 
probable error of the difference. 

Eczema The crosses, indicating measurements on infants with 
eczema, tend to fall above the average hnes for the healthy infants for 
all four dimensions shown Differences from the healthy have been 
calculated for infants ranging from 600 to 649 and 6S0 to 699 mm m 
height only, since these were the only groups m which the number of 
cases was suffiaently large to make the results significant Averages 
for the eczema infants were regularly higher than for the healthy 
infants, the differences m five of the eight groups bemg more than 
three times greater than the probable error of the difference. 

StJMMAKV 

1 The proportions of the external dimensions of infants with vanous 
diseases were studied 

2 Relative to total body length, mfants with acute intestinal 
mtoxication ate smaller m their transverse dimensions (diameter of 
face, bigonlal diameter) and in their chest arcumference than are 
healthy mfants from the same soaal environment. 

3 Infants with tetany and mfants with eczema are relatively larger 
m their transverse dimensions (diameter of face, bigorual diameter and 
bicnstal diameter) and m their chest circumference than are healthy 
infants from the same social environment 

We wish to express our sincere thants to Dr Franz Boas for many 
helpful suggestions m the treatment of these data 
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THE MECHANICAL INFLUENCE OF THE PERICARDIDM 
UPON CARDIAC FUNCTION 

By JOHN H. GIBBON, JR., and EDWARD D CHURCHILL 
(From tkt llassachuseUs General BospUal and Bartard Medical Sckocdf Boston) 

(Received for pubUcation Febniaiy 5, 1931) 

The action of the heart may be profoundly disturbed by alterations 
m the pressure maintamed over its outer surface Tamponade of the 
heart by an mtrapencardial hemorrhage or effusion is the most fa- 
mfliar example and is such a classical phenomenon, both chmcally and 
experimentally, that descnption would be superfluous Adhesive 
pericarditis of the type caOed coitcreho pertcardtt, commonly termed 
Pick’s disease, may produce many of the signs and symptoms of car- 
diac tamponade over a period of years The essential lesion in this 
condition is the contracted and scarred pencardium that tightly 
grasps the chambers of the heart as if m a vise The impeded diastohc 
filling of the heart causes an mcreased venous pressure with chrome 
passive congesbon, asates, and edema, even m the presence of a nor- 
mal myocardium and competent valves The operative relief of this 
condition constitutes one of the most dramatic chapters of modem 
surgery (1) (2) 

Smee the proper action of a heart of normal size can be restored by 
freemg it from a constnetmg pencardium, the suggestion has been 
made that the function of an hypertrophied and dilated heart might 
also be improved by removal of the structures that hmit diastohc 
filling As the normal pencardium stretches almost without limi t m 
the face of a slowly developmg cardiac enlargement, it is the im- 
yieldmg bony framework of the chest that serves ultimately to restnet 
the greatly dilated or hypertrophied heart Assummg at the outset 
that further dilatation of the heart will mcrease its functional capaaty 
an effort may be made to give room for further dilatation by surgical 
removal of the overlying ribs and costal cartilages — so-called 
"decompression ” 
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With these clinical problems in mmd the action of the cat's heart 
has been embarrassed by imposmg a partial obstruction to the outflow 
of blood The function of the pericardium under such circumstances 
has been considered, with particular reference to the deleterious effects 
on the arculation that may result from the hmitation of cardiac 
dilatation 

The experimental hterature on the function of the pencardium is 
not extensive Barnard (3) m 1898 reported to the Ph 3 ^iological 
Soaety certam studies on the pencardium and concluded that it was 
an melastic structure preventmg excessive dilatation of the heart 

Kuno (4) m 1915, usmg a Starlmg heart-lung preparation and an 
experimental method enabhng him to open and close the pencardium 
at wfll, found that opetung the pencardium caused a faU m venous 
pressure, a nse m artenal pressure and an mcrease m cardiac output 
This effect was more marked at low venous pressures and with slow 
pulse rates He also noted that hearts unsupported by the pencar- 
dium were apt to show hemorrhages beneath the epicardium and 
valvular msufliciency at high venous pressures These effects were 
not observed with high venous pressures when the pencardium was 
mtact He concluded that “the existence of the pencardium is thus 
necessary for the unimpaired working of the heart m normal hfe " 

Yamada (5) m 1917 confirmed these observations of Kuno on the 
heart-lung preparation He also widely opened the pencardium m 
dogs, exercised them by running and exammed the heart two to eight 
days after operation He failed to find any evidence of dilatation or 
mtramural hemorrhage and thought the absence of these conditions 
due to the rapid pulse rate occumng with exerase The experiments 
m which he attempted to demonstrate the effects of rapid heart rates 
are not convmcmg because adrenahn was employed to mcrease the 
heart rate while its other physiologic effects were apparently not 
considered 

Wilson and Meek (6) ml927 studied m roentgenograms the restram- 
mg influence of the pencardium on the size of the heart After 
severmg the diaphragmatic attachment of the pencardium m the dog 
they found that the pencardium began to exert a restrauimg influence 
on the diastolic size of the heart at a venous pressure^pf 0 cm of water 
and that at a venous pressure of 8 cm the heart completely filled the 
pencardium 
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Van Liere and his collaborators (7) (8) in 1927 and 1930 produced 
acute cardiac dilatation by anoxemia and stunulation of the vagus 
nerve simultaneously recordmg the size of the heart shadow by roent- 
genograms They found m the majority of then experiments a 
greater dilatation of the heart, after removal of the pencardium 
On the other hand, Felix (9) studjnng the influence of the pericar- 
dium upon hearts with artifiaally produced valvular defects, concluded 
that openmg the pericardium had a favorable influence upon hearts 
with mitral or tricuspid lesions and suggested adoptmg this procedure 
in patients In a recent article (10) he has published some further 
mvestigations on this question m both acute and survival experiments 
In experimentally produced mitral insufiSaency of several weeks dura- 
tion he fails to note any circulatory improvement on openmg the 
pencardium It seems not unlikely that the findmgs m his acute ex- 
periments are due to the production of a certam degree of tamponade 
by the closure of the pencardium after creating the valvular defect 
The reopening of the pencardium then improved cardiac action as a 
matter of course 

Moore (11) and Grant (12) reviewmg the cases of congemtal pen- 
cardial defiaency reported m the hterature, conclude that the peri- 
cardium does not play an important part m supportmg the wall of the 
heart Experimental removal of the pencardium m aniTnnls is 
apparently compatible with active life (13) 

In the followmg experiments we have studied (A), the effect of 
opening the pencardium upon the function of the normal heart as 
mdicated by systeimc and venous blood pressures, (B), the effect of 
openmg the pencardium when the work of the heart has been greatly 
increased by a partial obstruction to the outflow of blood from one 
ventnde, (C), the effect of removmg a constnctmg pencardium m the 
presence of a partial occlusion of the pulmonary artery or aorta, and 
(D), the tamponade effects produced by mcreasmg the work of the 
heart within a snugly adjusted pencardium 

lECHNIC 

The experiments were performed on cats anesthetized by the mtra- 
pentoneal mjection of a 10 per cent solution of sodium barbital, 4 S 
cc per kilogram of body weight The mjection was made one half to 
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three quarters of an hour before the experiment was started Access 
to the pencardium was obtamed by removal of the lower two thirds of 
the sternum Both pleural oaVities were widely opened and artifiaal 
respiration was mamtamed throughout the experiment by mtenmttent 
mtratracheal msufflation The mean carotid pressure was recorded 
m the usual manner with a mercury manometer The venous tracing 
was obtamed by the method descnbed by Lewis (14) A long slender 
glass cannula was passed through the external jugular vem mto the 
supenor vena cava and connected with a salme manometer at the top 
of which was a small Brodie bellows recorder A solution of heparm 
was given mtravenously to prevent clottmg 

These prehmmary procedures were earned out m all the experiments 
descnbed below It should be noted that this preparation entails the 
exposure of all the mtrathoracic structures to atmosphenc pressure 
with a consequent dimin ution m cardiac output (15) and presumably 
a shght decrease m diastohc heart size 

RESULTS 

A Ejfect on the nonml heart of opening the pencardium The effect 
of openmg the pencardium upon the venous and artenal pressures was 
noted in sue experiments The pencardium was slit wide open from 
base to apex with a pair of fine scissors No change m venous or 
artenal pressure was observed m any of the experiments (fig 1) 
Occasionally there was a shght imtial disturbance with a qmck return 
to previous levels This disturbance could be reproduced by pressmg 
the sassors upon the nght ventncle or by drawmg up on the pencar- 
dium with a pair of forceps, and was probably caused by such manipu- 
lation rather than by the actual openmg of the pencardium 

These observations fail to corroborate those made m heart-lung 
preparations by Kuno (4) and Yamada (5) who found a fall m venous 
pressure, a nse m artenal pressure and an mcreased cardiac output on 
openmg the pencardium It should be recalled, however, that their 
observations were not made on the mtact pencardium, but on one 
which had been previously opened and then drawn together agam with 
sutures That such a method can very easily cause cardiac tamponade 
IS shown below (C) Neither author records the effect upon the 
venous and artenal pressures of the imtial openmg of the mtact 
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pencardium The pulse rate m these six experiments vaned from 136 
to 224 per mmute There was no change m rate on openmg the pen- 
cardium The cardiac rate of the dog’s heart used in heart lung 
preparations is often only one half as rapid Accordmg to the views 
of Yamada thic may jxissibly account for some of the discrepanaes 
between the results recorded here and those obtamed by Kuno 
B Effect of opening the pencardium upon a heart Jiith a partial 
obstruction to the outflow of blood from one ventnde The work per- 
formed by the heart is roughly the product of the cardiac output mul- 
tiphed by the artenal resistance (16) (17) In these experiments the 



Fio 1 KviiooKAPmc Tbacibo at Moment or Openwo Pemcaediai. CAvrry 

A, venous pressure In centimeters of water recorded from the superior vena 
cava B, artenal pressure In mUUmeters of mercury recorded from left carotid 
arteiy C, tune in 5 second intervals D, signal marter At OP the antenor 
surface of the pencardium was sUt from base to apex 

work of the heart was mcreased by augmenting the artenal resistance 
For this purpose a special damp was devised for graduated compres 
Bion of the pulmonary artery or aorta The damp is very similar to 
the one used by Haggart and Walker (18) However, it is capable of 
finer adjustments and can be employed m the “dosed” chest It 
consists of a tube A (fig 2) to which is fixed the upper jaw of the damp 
The rod BC passes through the tube A and is bent to form the lower 
jaw of the damp The upper half of BC is wormed and articulates 
with the knurled nut D An eighth of a turn of the nut moves the 
lower jaw of the damp 0 079 mm 
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Graduated compression of the pulmonary artery or aorta by this 
clamp was employed m these experiments only as a means of increasing 
the work of the heart by mcreasmg the peripheral resistance The 
circulatory disturbances resulting from such compression will be more 
fully described m another commumcation It is mterestmg to note, 
however, that the sudden fall in artenal and nse m venous pressures 



A 


cii== 

Fig 2 Clamp Designed por Graduated Compression of the Pulmonary 

Artery or Aorta 
(See text) 

observed by other investigators, Cohnheim (19), Haggart and Walker 
(18) and Moore and Bmger (20), during compression of the pulmonary 
artery or aorta have not been observed in our experiments when the 
compression was very gradually induced There is on the contrary, 
a slow fall in artenal pressure and a corresponding nse in venous 
pressure The kymographic record from Experiment 21 showing this 
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Vemms and arterial pressures as m figure 1 During the tune interval X, the damp on the pulmonary artery was tighten! 
by successive increments recorded by the signal marker A slow fall m srtenal and a nse m venous pressures resulted. At 
the damp was completdy released 
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effect IS reproduced m figure 3 In this experiment the antenor sur- 
face of the pericardium was inased from base to apex, completely 
freemg the heart The clamp was then adjusted about the pulmonary 
artery just above the pulmonary valves Very gradual compression 
of the artery with the clamp (0 079 mm at a tune) produced a slow 
dedme of arterial pressure and a slow nse m venous pressure Figure 
4 IS a tracmg from the same experiment a few mmutes later, illustrating 
the effect of more abrupt compression Here the successive mcre- 
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Fig 4 Kyuographic Tracing, Experiment 21 
Venous and arterial pressures as in figure 1 Clamp tightened dunng tune 
mterval X and released at Y Compression of the pulmonary artery m a more 
abrupt manner than shown m figure 3 produced a sudden failure of the heart 

ments of compression were larger (0 635 mm ) and heart failure oc- 
curred abruptly as has been descnbed by the above mentioned 
observers The same results have also been observed dunng slow and 
rapid compression of the aorta 

Opemng the pencardium after graduated compression of the pul- 
monary artery or aorta waS earned out m ten experiments In three 
of these the aorta Was compressed and m Seven the pulmonary artery 
A small transverse mcision, 1 5 cm long, was made m the base of the 
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pencardium dnectly overlying the pulmonary artery or aorta The 
masion exposed only that portion of the vessel about which the damp 
was to be placed and did not overhe the heart itself or presumably 
affect the normal relationship between the pencardium and the heart 
The damp was then placed in position and the artery compressed 
until there was a defimte fall m artenal pressure and a rise m vqnous 
pressure Opemng the pencardium at this pomt by masmg its 
antenor surface from base to apex was without effect on either venous 
or artenal pressures in five experiments In one experiment the 
artenal pressure fdl slightly and m another rose slightly In two 
experiments the artenal pressure was progressivdy falhng and the 
venous pressure nsmg when the pencardium was opened, the heart 
contmued to fail following the procedure Fmally, m one experiment 
there was some improvement m the arculation on opemng the pen- 
cardium (OP, fig 5), evidenced by a slight nse m the carotid pressure 
and a shght fall m supenor caval pressure 

Upder the conditions of these experiments the pencardium seems to 
offer no matenal support to a heart senously decompensated by an 
obstruction to the outflow of blood In no instance did removal of the 
pencardium m itself preapitate heart failure In one instance (fig 5) 
the removal of the pericardium actually enabled the heart to overcome 
its handicap more effectively 

C Effect of removfiig a conslncttng pencardium in the presence of an 
obstruction to the outflow of blood from one ventncle In order to study 
the functional relations of the pencardium to the heart under differ- 
ent experimental conditions, a method for opening, and closing the 
pencardium was employed which is very similar to the method de- 
vised by Kuno The antenor surface of the pencardium was mcised 
longitudmally from base to apex Three or four mterrupted sdk 
sutures were placed m the cut edges and drawn through holes in a 
s m al l stnp of celluloid (fig 6) By drawmg these sutures up through 
the stnp of celluloid and clampmg them with a small artery chp the 
pencardium could be closed, and by releasmg the threads, opened If 
the threads were drawn up tightly and clamped, tamponade effects 
resulted (CP, fig 7) On releasing the threads, and thus opemng the 
pencardium, the artenal and venous pressures returned to their for- 




Fig 5 Kymographic Tracing Illustrating the Opening op the Pericardium in the Presence of Partial Oc- 
clusion OF the Pulmonary Artery 

Venous and artenal pressures as in figure 1 Pulmonary artery gradually compressed dunng time mterval X Sbght 
release of clamp at Y to prevent further cardiac failure Opemng of the pencardium (OP) gave but imnimal circula- 
tory improvement 
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met levels (OP, fig 7) This effect was recorded thirty-one tunes m 
thirteen expenments 



FlO 6 DiACRAU JUiUSTEATIKO MeIHOD OF OpENINO AND ClOSINO PekICASDIDU 



Flo 7 Kvmooilaphic Tracino Showino Tamponade Epfecis Obiained be 
C lOSINO Pekicardiou AnER Method op Kdno 
Arterial and venous pressures as in figure 1 At point CP the pencardium was 
closed and at OP opened 


The cardiac tamponade so produced is similar to that occasioned by 
an experimentally produced pencardial effusion (19) (21) The 
extent of the deviations m artenal and venous pressure levels was 
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fqund to be dependent upon the degree of dunmution in the original 
volume of the pencardimn The tighter the threads were drawn 
together, the more marked was the mcrease m venous pressure and 
the decline m artenal pressure Releasmg the threads and thus open- 
mg the pericardium, always resulted in a nse m artenal and a fall m 
venous pressures It was then determined whether this effect is to 
be observed after greatly mcreasmg the work of the heart by partial 
obstruction of the pulmonary artery or aorta and thus stiU further 
lowenng the artenal and raismg the venous pressures 

In Experiment 20 the pencardium was mcised from base to apex 
The clamp was placed about the pulmonary artery, and sutures for 
artificially opening and closmg the pencardium were placed as de- 
scnbed above The threads were drawn up tightly, producmg a 
slight cardiac tamponade (CP, fig 8) The pulmonary artery was 
compressed (X, fig 8), producmg a further fall m artenal pressure and 
nse m venous pressure Opening the pencardium by releasmg the 
threads (OP, fig 8) produced a fall m venous, and a nse m artenal, 
pressure This procedure was earned out seventeen times m mne 
experiments In three experiments the aorta was compressed and m 
SIX the pulmonary artery In every instance, except one, a similar 
nse m artenal and a fall m venous pressures occurred In the one 
exception the heart was rapidly faihng when the pencardium was 
opened, as evidenced by a constantly faihng carotid pressure and nsmg 
venous pressure 

The nse m artenal and fall m venous pressures observed m these 
experiments evidently mdicates an increase m cardiac output As 
the resistance offered by the clamp to the outflow of blood is the same 
both before and after opemng the pencardium, the increase m output 
mdicates an mcrease m the work performed by the heart Therefore 
these results apparently indicate that the heart can accomphsh more 
work if the restraimng mfluence of a constnetmg pencardium is 
' removed 

The cardiac tamponade resultmg from tight closure of the pen- 
cardium by sutures is obviously very similar to that existmg m cases of 
concretw pencardtt, where the normal return of venous blood to the 
heart is impeded by a ngid, thickened pencardium Removal of such 
a pencardium results m circulatory improvement, as does opemng of 
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about pulmonary artery tightened during tune 
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the pencardium m these experiments These results give no mdica- 
tion that the removal of a pencardium which is causmg cardiac tam- 
ponade may be harmful m the presence of a normal heart muscle 
This IS true even though the work of the heart may be greatly mcreased 
by partial occlusion of the pulmonary artery or aorta 
D Tamponade effects produced by tncreastng the work of the heart 
wrtJnn a snugly adjusted pencardtum and relieved by opening the peri- 
cardium It has been mentioned m the precedmg section that closure 
of the pericardium by means of sutures resulted m cardiac tamponade. 



Fig 9 KvitoGRAPmc Tracing, Experiment 17 
Artenal and venous pressures as m figure I Pencardium closed at point CP 
to snugly envelop heart but without tamponade effects Pulmonary artery com- 
pressed during tune interval X Opemng of pencardium at OP 

However, it was found that by exerting great care m drawing the 
sutures up through the celluloid strip, the pencardium may be dosed 
without producmg tamponade It was possible to draw the pen- 
eardrum so snugly about the heart that the slightest additional tight- 
enmg of the threads produced a fall m artenal, and a nse m venous,, 
pressure Openmg the pencardium after such dosure was without 
effect on venous or artenal pressure levels The effect of opemng 
such a pencardium on a heart whose work had been greatly mcreased 
by means of the clamp was detemamed in the foUowmg experiments. 



J H GIBBON, JB. , AND E D CHOBCHILI. 


419 


In Expenment 17 the pencardium was mased longitudinally from 
base to apex The damp was placed about the pulmonary artery and 
sutures for artifiaaUy openbg and dosmg the pencardium were 
placed as descnbed above The threads were drawn as tightly as 
possible without affectmg either artenal or venous pressures (CP, 
fig 9) and damped The pencardium was thus drawn up snugly 
about the heart without producmg the shghtest degree of cardiac 
tamponade The pulmonary artery was compressed until a well 
marked nse m venous pressure and fall m artenal pressure occurred 
{X, fig 9) When the pencardium was then opened by releasing the 
threads, a fall m venous, and a nse m artenal, pressure occurred 
(OP, fig 9) 

This procedure was earned out eighteen times m seven experiments. 
In ten instances opening the pencardium caused a nse and fall m 
artenal and venous pressures respectively, similar to that shown in 
figure 9 In five instances the artenal pressure was unchanged but 
the venous pressure fell In two instances no eSect was observed in 
either venous or artenal pressures, and m one instance the heart was 
failmg before the pencardium was opened and contmued to fail 
thereafter 

The method of dosmg the pencardium employed here, namely 
drawmg up on the sutures until any further tightenmg caused a nse 
m venous and a fall m artenal pressures, may be said to cause a dimi- 
nution m the ongmal volume of the pencardial cavity Such a con- 
dusion appears justified by a comparison of the results obtamed on 
opemng the pencardium m these experiments and m those descnbed 
under section B The relationship between the heart and pencardium 
m the experiments just descnbed bears some similanty to that which 
exists between an enlarged heart and the structures that limit its 
diastolic expansion In one case the pencardium has been made 
smaller, and m the other the heart has become larger In both m- 
stances the difference between the diastolic heart size and the room 
avaflable for expansion is diminished These experiments then lend 
support to the observations already on record (9), that decompression 
of the heart may in favorable instances enable it to compensate more 
adequately for valvular defects 
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SUMMARY AND CONCLUSIONS 

The following observations have been made on cats with open chests 
under artifiaal respiration 

1 Opemng the pencardium is without effect upon either artenal or 
venous pressures 

2 Gradual compression of the pulmonary artery results m a slow 
fall m artenal pressure and a correspondmg nse m venous pressure 

3 Opemng the pencardium when cardiac decompensation has been 
produced by compression of the pulmonary artery or aorta is without 
significant effect on the elevated venous pressure or the low artenal 
pressure 

4 Tight closure of the pencardium with sutures produces cardiac 
tamponade with a fall m artenal and a nse m venous pressures On 
opemng the pencardium agam, the pressures return to their former 
level 

5 When the pencardium has been closed with the production of 
cardiac tamponade and partial obstruction of the pulmonary artery 
superimposed, opemng the pencardium causes a nse m the carotid 
pressure and a fall m the supenor caval pressure 

6 By exercising considerable care it is possible to close the pencar- 
dium with sutures without affectmg either venous or artenal pressures 
Subsequent opemng of the pencardium is similarly without effect on 
pressure levels 

7 "When the pencardium has been snugly closed by sutures without 
affectmg either artenal or venous pressures and cardiac decompensa- 
tion produced by compression of the pulmonary artery, opemng the 
pencardium causes a nse m artenal pressure and a fall m venous 
pressure 

8 In none of the twenty-eight experiments performed was the 
removal of the pencardium detrimental to the circulation, even when 
signs of cardiac decompensation had been experimentally produced 

9 Increased work is accomplished by mcrease m the diastolic size 
of the heart Removal of a pencardium which limits this normal 
cardiac dilatation matenally lessens the degree of cardiac decom- 
pensation 

10 An analogy is drawn between these experimental observations 
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and the so-called “decompression” of enlarged hearts by removal of 
the bony framework of the precordial area 
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STUDIES ON COLLATERAL CIRCULATION I THERMIC 
CHANGES AFTER ARTERIAL LIGATION AND 
GANGLIONECTOMY 

B\ DANIEL A MULVIHILL and SAMUEL C HARVEY 
(From Ike Deparlmeni of Suriery Yale Uumrsit'i School of Medicine Neic Haven) 
(Received for publication February 26 1631) 

The temperature of a part of the body depends largely upon its 
blood supply Under certain conditions the temperature may there 
fore be a fair measure of the arculation Wth this in view, a senes of 
experiments was planned to approach the problem of collateral circu 
lation and eventually the mechanism of vasomotor action The 
group of experiments here presented deals with the thermic changes 
occurring in the hind feet of the dog (a) followmg ligabon of the 
external iliac artery , and (i) following ligation of both external ihac 
artenes and unilateral removal of the tnbutary sympathetic ganglia 

METHOD 

The animal was given sodium amytal [Lilly] (50 to 75 mgm , i e., 
0 5 to 0 75 cc of a 10 per cent solution per kilogram of body weight) 
intrapentoneally and was attached by thermopiles to a Leeds and 
Northrup potentiometer temperature recorder ‘ about half an hour 
later The four leads of the recorder were connected to register 
subcutaneous temperatures of the nght foot (1), and of the left foot (2), 
temperatures of the rectum (3), and of the room (4) respectively, once 
every four nunutes After an equilibrium had been established, one or 
both external iliac artenes were exposed retropentoneally and doubly 
Ugated as close to the aorta as was practicable In expenments (b) 
both external iliac artenes were similarly ligated and m one group of 
expenments the rami communicantes of the tnbutary sympathetic 
ganglia of one limb were severed and the ganglia removed after the 
temperature of both feet had decreased to room temperature and had 
remained there for some time, in another group the tnbutary sympa- 

* The authora are indebted to the Leeds and Northmp Co North Philadelphia 
[hi for the use of this instrument 
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thehc ganglia were removed on one side immediately after ligation of 
the arteries 

EXPERIMENTAI- DATA 

Ligation of the external iliac arterj proximal to the profunda femons 
was aliva>s followed by a marked decrease of the temperature of the 
foot of the corresponding limb The lowenng of the temperature was 
either gradual or sudden and usually the temperature of the foot 
reached that of the room in approximately 2 to 6 hours after a drop of 
about 10° to 30° F In the majority of the experiments a nse in 
temperature and a return to the previous level occurred in about 13 
hours following the ligaDon The experiments were usually earned 
out on one limb, using the other as a control (fig 1) The phenomenon, 
however, was approximately the same when both external iliac artenes 
were ligated, i e the decrease in temperature was simultaneous in 
both feet and the return to prev lous level also occurred at about the 
Same time (fig 21 

In those exiienments m which both external iliac artenes were 
ligated and the temperature of both feet had decreased to room 
temperature, cutting of the rami commumcantes and removal of the 
tnbutary sympathetic ganglia of one limb caused a sudden nse in 
temperature of the corresponding foot. The change in temperature of 
the foot from room temperature of about 70° F to nearly that before 
ligation, usually occurred in about one hour and remained elevated 
unDl the end of the experiment several hours later, whereas the 
temperature of the other foot remained unchanged at room tempera 
ture (fig 3) Transection of the rami commumcantes and removal of 
the tributary sympathetic ganglia of one limb followmg ligation of its 
artery prevented the drop in temperature of the foot of the cone 
spending limb (fig 4) 

COMSIKNT 

The reason for choosing the site of ligation as lugh as the origin of the 
external iliac artery from the aorta lies in the anatomic pecuhanPes of 
the blood supplj of the lower e.x-tremities of the dog The e.\temal 
iliac artery is a direct branch of the aorta m this animed and the 
profunda femons leaves the external iliac artery within the pelvis 
It was found that ligation of the femoral artery in Hunter s canal or of 
the e.xternal iliac artery distal to the ongin of the profunda femons led 
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Fig 2 Ligation or Both External Iliac Arteries Close to the Aorta Was Followed by a Gradual Decrease or 
THE Temperature or Both Feet or Nearly 30° F to Room Temperature It remained there for almost 6 hours, then with 
a steady rise it returned to the level before ligation 
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Fig 4 Double Ligation of Both External Iliac Arteries Close 
TO THE Aorta Was Follow^ed by an Initial Decrease in Temperature 
in Both Feet Transection of the rami communicantes and removal of 
the tributary sympathetic ganglia of the left limb presented a further drop 
in temperature in the corresponding foot while that of the other fell about 
25° F The temperature of the right foot returned to the pre^^ous level 
about 6 hours after ligation 

to no, or only slight and transient, change m temperature of the foot 
of the corresponding limb (1) 

The above experiments show that after ligation of the external iliac 
artery the arculation in the corresponding limb is msuffiaent to 
maintain its normal temperature The circulation, however, as 
indicated by the temperature rise of the limb to the level of that before 
ligation, returns in about 13 hours This seems to indicate the 
presence of anatomical channels which are sufficient to care for the 
circulation after ligation and suggests that the reestablishment of 
former conditions by collateral circulation is a vasomotor phenomenon 

This IS further substantiated by the fact that the temperature of a 
limb which has dropped to room temperature after ligation of its 
external iliac artery can at any time be raised to the normal level by 
removal of the tnbutary sympathetic ganglia Not only that, but 
removal of the tnbutarj'- sympathetic ganglia simultaneously with 
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ligation of the artery prerenta the lowenng of the temperature of 
that limb 

SUilllARt AND CONCLUSIONS 

In the dog ligation of one or both external ihac arteries close to the 
aorta was always followed by a decrease of temperature in the com. 
spending foot varying from about 10° to 30° F In the majontx of 
the experiments a rise in temperature w ith a return to its previous level 
occurred about 13 hours after ligation This, m the writers opinion 
seems to indicate the presence of anatomical channels sufficient to care 
for the circulation after ligation and suggests that the reestablishment 
of former conditions by collateral circulation is a vasomotor phe 
nomenon 

This IS further substantiated b> the fact that the temperature of a 
limb which had dropped to room temperature after ligation of its 
ertemal iliac artery rose to normal soon after removal of the tributary 
sympathetic ganglia and that simultaneous removal of the tnbutaiy 
sympathetic ganglia with ligation of the arteiy prevented the lowenng 
of the temperature of that limb 
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Fig 4 Double Ligation of Both External Iliac Arteries Close 
TO THE Aorta Was Followed b\ an Initial Decrease in Temperature 
in Both Feet Transection of the rami communicantes and removal of 
the tributary sympathetic ganglia of the left limb prei ented a further drop 
in temperature in the corresponding foot while that of the other fell about 
25° F The temperature of the nght foot returned to the previous level 
about 6 hours after ligation 

to no, or only slight and transient, change in temperature of the foot 
of the corresponding limb (1) 

The above expenments show that after ligation of the external iliac 
artery the circulation in the corresponding limb is insufficient to 
maintain its normal temperature The circulation, however, as 
indicated by the temperature nse of the limb to the level of that before 
ligation, returns in about 13 hours This seems to indicate the 
presence of anatomical channels which are sufficient to care for the 
arculation after ligation and suggests that the reestablishment of 
former conditions by collateral circulation is a vasomotor phenomenon 

This IS further substantiated by the fact that the temperature of a 
limb which has dropped to room temperature after ligation of its 
external iliac artery can at any time be raised to the normal level by 
removal of the tnbutary sympathetic ganglia Not only that, but 
removal of the tributaiy'- sympathetic ganglia simultaneously with 


STUDIES ON COLLATEIU^L CIRCULATION II THERMIC 

CHANGES AFTER ARTERIAL LIGATION, SECTION 
OF SPINAL CORD OR POSTERIOR ROOTS 
AND GANGLIONECTOMY 

By SAMUEL C HARVE\ AVD BfiLA HALBERT 
{From the Department of Surgery hale Untrerstiy School of Medicine Nmo Boren) 

(Received for publication February 26 1931) 

Previous expenments (1) have shown that in the dog ligation of both 
external iliac artenes close to their origin caused a decrease in the 
temperature of both hind feet to room temperature and that cutting 
of the rami communicantes and removal of the tnbutary sympathetic 
ganglia caused a rise m temperature of the corresponding foot to about 
'that before ligation The present expenments were planned to 
ascertain (a) whether division of the spmal cord at about the level of 
the first lumbar vertebra, and (6) section of the posterior roots below 
this level would influence the above reaction 

METHOD 

As in the previous expenments, the animal was given sodium 
amytal [Lilly] intrapentoneally and attached to the Leeds and 
Northrup temperature recorder by thermopiles about half an hour 
later After an equihbnum had been established, both external iliac 
arteries were ex^iosed and ligated as in the previous expenments In 
expenments (a) after the temperature of both feet had decreased to 
about room temperature and had remained there for several hours, the 
spinal cord was sectioned after laminectomy at about the level of the 
first lumbar vertebra After sufficient time had elapsed for a reaction 
to appear, were it going to do so, the rami communicantes of the 
tributary sympathetic ganglia of one limb were severed and the 
ganglia were removed In expenments (6) when the temperature of 
both feet had decreased to about room temperature after ligation of 
both ex-temal iliac arteries and had remained there for several hours, 
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Transection of all posterior roots below the lev el of the first lumbar 
vertebra on one side exerted no influence whatsoever upon the temper- 
ature of the foot which had dropped to room temperature after ligation 
of its external iliac artery Subsequent transection of the rami 
commumcantes and removal of the tributaiy sympathetic ganglia were 
promptly followed by increase in temperature of the corresponding 
foot from room temperature to nearly that of the foot before ligation 
Figures 1 and 2 illustrate the phenomena described 



Fig 2 Foixoirixc Ligation of Both Exterxai. Iliac Arteries the 
Temperature of Both Feet Dropped 20” F Transection of all postenor 
roots on one mde below the lev el of the first lumbar \ ertebra had no influence 
whatsoever upon the lowered temperature of the foot Subsequent tranaec 
tion of the rami commumcantes and removal of the tnbutarj sympathetic 
ganglia caused a prompt rise in temperature of the corresponding foot of 
19° F 1 e. from room temperature to nearly that of the foot before ligation 

COSIilENT 

Under the above expenmental conditions transection of the spinal 
cord at the lev'el of the first lumbar vertebra has no effect whatsoever 
upon the lowered temperature of the feet produced by ligation of both 
external iliac arteries Subsequent removal of the tnbutary sympa- 
thetic ganglia, on the other hand, is followed by a prompt nse in 
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temperature of the corresponding limb from room temperature to 
nearly that of the foot before ligation This occurred m exactly the 
same way as m the previous experiments in which the cord was not 
transected These observations suggest that in these experiments 
bulbar impulses play no appreciable part m the mechanism of the 
development of collateral circulation — ^Transection of all postenor 
roots below the level of the first lumbar vertebra on one side had no 
effect whatsoever upon the lowered temperature of the feet produced 
by ligation of both external iliac arteries Removal of the tributary 
sympathetic ganglia of the corresponding limb was followed by a 
prompt rise in temperature of that limb in much the same manner as in 
those experiments m which the posterior roots had not been transected 
These observations suggest that impulses communicating through the 
posterior roots below the level of the first lumbar vertebra play no 
appreciable part in the mechanism of the reestablishment of former 
conditions in the limb by collateral circulation, as observed m these 
experiments 

SUJIMARY AND CONCLUSIONS 

In the dog the lowered temperature of the feet produced by ligation 
of both external iliac artenes was not influenced by either (a) tran- 
section of the spinal cord at the level of the first lumbar vertebra or (b) 
transection of all the postenor roots on one side below the level of the 
first lumbar vertebra Removal of the tributary sympathetic ganglia 
caused a prompt rise in temperature of the corresponding foot from 
room temperature to nearly that of the limb before ligation whether or 
not the spinal cord had been transected at the level of the first lumbar 
vertebra, or whether or not all posterior roots below this level on the 
corresponding side had been transected 

These observations suggest that (o) bulbar impulses and (b) 
impulses communicating through the posterior roots below the level of 
the first lumbar vertebra play no appreciable part in the mechanism 
of the development of collateral circulation, as observed m these 
experiments 
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EXPERIMENTAL REFERRED PAIN FROM THE GASTRO- 
INTESTINAL TRACT PART I THE ESOPHAGUS 
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Despite the development of modem diagnostic methods, the exact 
recognition of the disorders or lesions which are responsible for di 
gestive symptoms remains a difficult problem In practice the 
percentage of error m this domain of methane is high and in many 
instances diagnosis is based more on the general clinical intuition of the 
examiner than on any very substantial basis The interpretation of 
symptoms is espeaally difficult and it is with this phase of the subject 
that the present studies are concerned 

It IS generally conceded that the first step m the analysis of a 
digestive disorder is a careful consideration of the patient s history, and 
symptom complexes have been built up which are believed by some to 
indicate with considerable certainty the existence of special lesions 
Many physiaans for example are qmte dogmatic as to the significance 
of so called peptic ulcer indigestion” or "gallbladder indigesbon’ 
some go even further and feel that such conditions as duodenitis, ' 
'mobile cecum,’ etc, present themselves with charactenstic com 
plaints The validity of such symptom complexes, however, still 
remains open to question and our own expenence indicates that unless 
fortified by some highly speafic phenomenon such as bleedmg in the 
case of ulcer or colic or jaundice in the case of gallbladder disease, the 
digestive symptoms in themselves (gas, vague abdominal distress 
burning or ‘indigestion ) have little, if any, speafic meaning WTien 
one considers that the upper abdominal viscera have a common 
autonomic innervation and that their sensibility under ordinary 
conditions is of a crude protopathic type this conclusion is supported 
Furthermore, when one interrogates patients with digestive dis 
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comforts and m response to the question is the pain dull, kmfe-hke, 
radiating, cramp-like, diffuse or localized, almost always receives an 
equivocal answer it becomes evident that efforts to draw exact con- 
clusions from minute differences m types of discomfort rest on an 
unsound basis 

To this statement exception must be made with reference to two 
clearly defined and intelligible types of pain — severe hollow viscus 
colic whether it be of renal, biliary or intestinal origin clearly indicates 
forcible contraction of the structure in question in response to ob- 
structive or inflammatory spasm, and intense localized pain with 
tenderness on pressure with almost equal certainty points to an actual 
lesion of pentoneum But these two types of sensation which are of 
great diagnostic value occur in only a negligible minority of the great 
run of patients with digestive symptoms and they do not bear directly, 
therefore, on the point now at issue At any rate it is clear that the 
problem of the interpretation of digestive symptoms still requires 
solution, and as it has been impossible by means of clinical observation 
to settle the question an experimental approach is desirable This 
seemed feasible at least insofar as one might stimulate artificially 
various parts of the digestive tract and observ^e the character and 
location of such sensations as were produced with reference to features 
of practical diagnostic value 

Our plan, m brief, was to produce pain by inflating balloons at 
various levels of the gastro-mtestmal tract and to examine a sufficiently 
large series of people so that statistical conclusions could be drawn as 
to site of reference of pain, its character and the relation of artificially 
produced pain to spontaneous pain in patients with digestive symp- 
toms The present paper concerns itself with studies of the esophagus 
only, the stomach, duodenum and colon wall be discussed in a later 
communication 

LITERATURE 

It IS a matter of common experience that under thoroughly normal con- 
ditions the actiMties of the gastro intestinal tract are earned on with a 
minimum of conscious sensation Aside from the \ague discomfort of 
hunger and the indefinite feeling of "fullness" after eating little is to be 
felt and indeed even these sensations are bound up with a wider somatic 
reaction which is clearly not directly referable to the stomach jNIore 
purposeful attempts to analyze the sensibilitj' of the gastro-intestinal tract 
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in the mam furnish confirmation of the essential silence of its operations as 
far as consaousness is concerned and the reader may be referred to the 
painstaking obser\ationa of Mackenzie (1) Hertz (2) and others and later 
of Carlson Carlson and Braafladt (3) in expenments m uhich the exact 
nature of the procedure was unknown to the subject observed that the 
normal stomach mucosa was insensitue to tactile stimuli, that there was a 
crude (protopathlc) reaction to the extremes of heat (45° C ) and cold 
(12° C ) and that stimulation of the mucosa increased reflex exatabihty of 
the spinal cord and induced changes in \asomotor tonus Hertz among 
other things pointed out that while the stomach was ordinarily insensible 
to heat cold and the introduction of acid the esophagus reacted to these 
Btimub wnth sensations referred to the lower sternal region and epigastnum 
Such purposeful observations have been amplified from day to day in the 
clinic by surgeons who cut and handle the gastro-intestinal mucosa directly 
at operation or through the proctoscope 

As far as the present mode of attack is concerned but little has been done 
preM 0 U 8 l> Pa>ne and Poulton (4) attempted to analyze the motibty of 
the esophagus in relation to spontaneous pain in clinical cases by registenng 
contractions transmitted through a water filled balloon They showed 
among other things that the sensation of 'heartburn was associated with 
penstaltic movements of the esophagus They subsequently elaborated 
their work (5, 6) and produced evidence that referred pain from the eso 
phagus 18 caused by stretching and deforrait> of the pain endings in the 
wall Nausea was produced by distension of the esophagus as well as 
referred pain but they report no 8>8tematjc studies on relation of the site 
of stimulation and the situation of the referred pain Hertz (2) inflated the 
esophagus in two normal men b> means of a thin rubber bag There 
resulted a sensation of fullness felt as if it were produced in the middle 
line deepl> beneath the antenor surface of the body and the level of the 
stimulus was always accurately recognized C M Jones (7) has also 
earned out somewhat similar expenments but no really extensive data are 
available, 

APPARATUS AND ifETHOUS 

The mercury weighted stomach tube desenbed by Wilkins was used 
A small balloon was constructed around the perforations proximal to the 
mercury chamber Rubber from an ordinary toy balloon was found satis 
factory and durable The balloon was made in such a way that when 
collapsed Its walls approximated those of the stomach tube and when 
distended with 30 cc. of air it assumed an almost sphencal shape with a 
diameter of about 3 cm The tube was marked at intervals so that the posi 
tion of the bag in the esophagus could be readily estimated and it was 
attached bv a T connection on the one hand to a U mercury manometer 
and on the other to a luer synnge (See Fig 1 ) The procedure consisted 
29 
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of inflating the bag in the esophagus at various levels We usually began 
at 20 cm from the teeth and advanced by intervals of 5 cm until the 
cardia was reached Air was introduced by means of a 30 cc luer svringe 
at the rate of 2 cc per second (metronome) and the subject was requested 
to signal as soon as he felt anything, and to indicate, by pointing, the site 
of the sensation The amount of air in the bag and the pressure were 
recorded at this point as well as the character of the sensation 




Fig 1 Balloon Used in Esophagus, Collapsed and Inflated 

The following points w'cre studied (1) The minimum amount of inflation 
(cc of air and pressure) necessary to produce sensation, (2) the site of the 
sensation (3) the character of the sensation, (4) the relation of site of sensa- 
tion to position of balloon, (5) the relation of sensation to spontaneous 
clinical symptoms, and (6) the mechanism of the referred pain 

A miscellaneous group of ward patients w’ere used some had digesti\e 
symptoms, but for the most part they w'ere free of gastro-intestinal trouble. 
The object of the experiment w'as explained and the patients cooperated 
usually xery intelligently 

THE SITE or THE SENSATION 

It soon became exndent that there tvere sites of predilection for 
referred sensation regardless of the position of the bag (see below) 
These sites were at the lower end of the sternum and m the neck just 
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Fig 2 Sites of Referred Pain froii Inflation of Esophagus 
Each dot indicates response to one inflation except the large arcles which 
represent groups of 48 and 87 dots which fell too dose for separate charting 


Summary of site of referred patn from inflahon of esophagus at various levels tit each case The small number of observations in the 
Iasi column ts due to the fact that the balloon had passed into the stomach at this level 
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suprasternal notch 6 = epigastrium R = Right of niid-Iine 

xyphoid 7 = back. L = Left of mid-line 

upper sternum 8 =■ neck 

midsternum 9 = face 

lower sternum 
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above the suprasternal notch As a rule the subject pointed definitely 
to one or another of these regions However, other situations at 
\anous levels of the sternum to the left or nght and in back were 
frequently indicated Sometimes the subject pointed to two perhaps 
widely separated areas or first to one spot and then to another 1 1 w as 
evident that conditions of contraction or relaxation of the esophagus 
quite apart from the artificial stimulus might modify the referred 
sensation this was brought out very clearly in many cases in which a 
repetition of the test after an mtenal of a few minutes yielded quite 
different results from the first expenment Figure 2 shows graphically 
the total area implicated by all our expenments and Table I summa 
nzes the findings in each case The symbols indicate roughly the 
points at which pain was felt although it is not possible to bring out by 
this method the size of the area of referred sensation R and L indicate 
that the pain spread from the mid hne either to nght or left or that it 
was located entirely to nght or left Table II shows very clearlj the 


TABLE 11 

Summary of locaiion of refined pain from infiaiion of exophagns at oartoiis levels 



preponderance of suprasternal notch and xyphoid region as sites of 
pain these two areas being implicated 135 times in 191 inflations 
Next m frequenc> come other areas behind the sternum with epi- 
gastrium back, face and neck only occasionally affected As pointed 
out abow the sensation w as usuallj vague and more or less wndespread 
wnth a central point of maximum intensity The diagrams must be 
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interpreted with this in mind as it was impossible to outline accurately 
the exact and complete distribution of the referred sensations 

RELATION OF SITE OF SENSATION TO POSITION OF BALLOON 

As pointed out above (see review of literature) some observers have 
concluded that pain from distension of the esophagus is referred to the 
body surface (sternum) at the level of the stimulus Our observations 
were quite at variance with any such idea This is clearly shown by 
Tables I and II and indeed there was only one case (Case 21) in which 
there appeared to be a constant relation between the site of the balloon 
and the referred sensation The situation can best be clarified by 
diagrams of illustrative cases (Figures 3 to 9) It appears that with 
the balloon high in the esophagus pain may be referred to the xyphoid 
and vice versa, or that various permutations and combinations may 
occur The occasional cases in which pain was referred to the face 
and high in the neck are of special interest, and also those instances m 
which the sensation lay definitely to one side of the mid-line A 
possible explanation of this phenomenon will be discussed below, but 
the point of practical importance is that the site of pain does not 
indicate any definite site for the location of the stimulus 

The sensations so far described have been those which resulted from 
minimal stimuli , as soon as the subject felt anything the inflation was 
stopped and the pain was recorded However, if further inflation was 
earned out the sensation might not only be accentuated at the onginal 
site but often spread widely or appeared in new situations For 
example pain felt at first in the suprasternal notch on increased pressure 
spread up and down entire sternum and finally localized at the xyphoid, 
or, pain felt first 5 cm above xyphoid on increased pressure radiated 
to both shoulder blades It is evident therefore, that no absolute 
effects can be expected but that endless variations will exist depending 
upon the intensity of the stimulus and the sensitiveness of the pain 
producing mechanism 

Even with stimuli as nearly as possible constant, repeated experi- 
ments with the same subject often gave different results Figures 10 
and 11, for example, show the results of inflations at intervals of a few 
minutes in Case 14 In other cases pain appeared first in one situation 
but if the balloon was left in situ without further inflation sensations 
developed m other perhaps widely separate regions 
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Fig 3 (Case 2 ) In This as in the Follomtng Diagrams the 
Figures in the Margin Indicate the Level of the Balloon the 
Lines Run to the Area or Referred Pain 



Fig 4 (Case 36) 
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Fig 8 (Case 34) 
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THE INTENSITL OF THE STIMULUS NECESSARY TO PRODUCE PAIN 
One object of the present work was to use standard stimuli so that 
differences m sensitiveness in different people could be determined 
To this end air was introduced into the standard balloon at a constant 
rate of 2 cc per second The results were however so variable that no 
reaU> quantitative information was obtained But in most of the 
subjects pam was felt after 15 to 25 cc of air had been introduced with 
a resulting pressure of from 80 to 150 mm Hg Two typical cases 
are shown m Table III An attempt was made to correlate the 


TABLE m 

Amouni of air ani pressure ntccssary to produce pain 



Com 6 

Caie S 

Lerel of baIkKm 
from teeth 

Pain felt with air 

Pain felt with air 

\ olome 

Pietiore j 

Volamc 

Pre»fure 

CM 

a 

mm Ht 

cc 

MM, Ht 

20 

18 

140 

20 

100 

25 

19 

130 1 

14 

90 

30 1 

26 

140 

15 

90 

35 

25 

140 

22 

90 
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12 

Pam and fullness m epigastrium after 
eating (cancer of stomach) 

Unlike spontaneous 

16 

Indigestion and “heart-burn” 

Exactly hke spontaneous 

22 

Pam m upper abdomen H to 1 hour p c 
Relieved by vomiting (gallstones) 

Unlike spontaneous 

26 

Epigastric distress (duodenal ulcer) 

Unlike spontaneous 

27 

Epigastric distress (duodenal ulcer) 

Pain produced at xyphoid is 
identical with the spontane- 
ous distress 

28 

Indigestion — discomfort radiating to 
left shoulder 

Exactly like spontaneous pain 

31 

Epigastric distress (duodenal ulcer) 

Unlike spontaneous pain 

35 

Epigastric distress (duodenal ulcer) 

Like spontaneous pain but 


milder 

In five of these thirteen cases inflation of the esophagus reproduced 
the patient’s spontaneous discomfort It seems highly likely, there- 
fore, that some of the epigastric discomforts encountered clinically and 
the symptoms classed as “heart-burn” may originate m reflex con- 
tractions or spasms of the esophagus, a \new which has already been 
proposed by others 

NATURE OF THE REFERRED PAIN 

The sensations which have been described in the preceding sections 
might conceivably originate locally at the site of the stimulus or they 
might be referred to the superficies by way of vagus or sympathetic 
We soon abandoned the idea of local pain in view of the lack of corre- 
lation between the site of the balloon and the position of the pain and 
because of the variable results from repeated stimuli at a given point 
The surface area which includes all pain referred from the esophagus is 
innervated from the 3rd cervical to the 7th or 8th dorsal segments It 
seems highly likely that the sensations produced over sternum anterior 
chest wall and back are referred via the sympathetic to corresponding 
skin segments The explanation of the suprasternal notch pain which 
occurred so commonly is less clear If of sympathetic origin the 3rd 
cervical segment would be implicated and if so it seems remarkable 
that pain m the arms (C4 to D3) never occurred The writers do not 
feel that their understanding of the physiology of the autonomic 
system is sound enough for them to pursue the discussion further , let 
it be sufficient to record the facts 

The possibility of distension of the esophagus at anv one point 
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setting up reflex spasm elseT\ here along the tube had to be considered 
as a possible explanation of pain which appeared at sites remote from 
the stimulus We have no exact data as to this mechanism but it 
seems an unlikely one masmuch os pain wherever produced invanably 
disappeared instantaneously as soon as the balloon was deflated 

DISCUSSION 

The expenments described above show that it is possible to produce 
referred pain by inflation of small balloons in the esophagus Such 
pain occurred, contrary to the findings of Hertz and of Payne and 
Poulton, without relation to the position of the bag in the esophagus 
and over a wide area of the torso and occasionally in the neck or face 
although the suprasternal notch and the xvphoid region were sites of 
predilection The experimental findings were especially illuminating 
in connection with what has been observed in patients with esophageal 
disease A recent case of caranoma of the esophagus for example 
with the stricture just above the cardia complained after taking food 
of distress confined to the suprasternal notch and relieved by \omiting 
In other climcal cases pain has been confined to the back as in some of 
the expenmental subjects Of espeaal mterest n ere the patients with 
spontaneous epigastnc distress associated with peptic ulcer whose 
symptoms were reproduced by inflation of the esophagus (Table \0, a 
finding which suggests that reflex spasm of the esophagus may play a 
part in the production of ulcer indigestion ” in certain cases At any 
rate farmliarity with the areas over which pain may be referred 
expenmentally from the esophagus is clearly useful in interpreting the 
diagnostic problems of climcal cases Wflth regard to the type of the 
referred sensations the vagueness of the descriptions is noteworthy and 
agrees with our expenence m eliciting histones from patients One 
evidently deals with an elementar> form of discomfort which can not 
be accurately defined It is of mterest that sensations akin to clinical 
‘heartburn were produced m a number of instances obviously 
regurgitation of aad played no part here and this too agrees inth 
clinical expenence that heart bum may occur m patients with absence 
of acid m the gastnc secrepons The burning’ may therefore be a 
charactenspc of the referred sensahon quite apart from the back flow 
of aad into the esophagus which of course occurs in many patients 
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From the standpoint of exact physiological observation the results of 
the present study are disappointing, indeed we question whether 
phenomena of the sort with which we were dealing lend themselves to 
quantitative exploration With every effort to standardize stimuli 
and to make the experimental conditions as objective as possible great 
vanation occurred m the effects induced in the same subject on repeated 
tests — variations which occurred almost from moment to moment and 
which depended not only on psychic factors, but on the ever changing 
conditions of tonus and motility which are encountered in a hollow 
viscus 

SUMMARY 

1 Inflation of small balloons in the esophagus produces referred 
sensations (pam) 

2 The site of the referred pain bears no relation to the position of 
the balloon but occurs especially at the xyphoid or in the suprasternal 
notch, and less often over the anterior chest wall or in the back 
Rarely it was felt m the neck or face and m two cases nausea was 
produced 

3 The character of the sensation was crude and often could not be 
accurately described or delineated by the subject It frequently was 
identical with spontaneous “digestive” discomforts 

4 No relation was made out between the subject’s general sus- 
ceptibility to pain and the ease with which referred pain was produced 

5 The bearings of these observations on clinical diagnosis are 
discussed 
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EXPERIMENTAL REFERRED PAIN FROM THE 
GASTRO-INTESTINAL TRACT PART II 
STOMACH DUODENUM AND COLON 
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(From Ihe Department of lledtaru Stanford VmrxrsUy School of Medicine 
San Francisco) ' 

(Received for publication March 30 1931) 

INTRODUCTION 

In the preceding paper of this senes (3) observations on the pain 
resulting from inflation of the esophagus by small balloons were 
described The general methods and purposes of the investigation 
were also outlined The present communication deals with similar 
studies of referred sensation from the stomach, duodenum and colon 

STOtlACH 

Methods and matenal A large balloon of thin rubber, so shaped 
that on inflation it assumed the general shape of the stomach, was 
constructed about the distal part of a mercury weighted stomach tube 
The tube was passed into the stomach and then inflated by means of a 
large luer syringe fitted with a valve so that the amount of air intro- 
duced could be measured The stomach tube was also connected with 
a U mercury manometer to measure pressure (see Fig 1) 

Sixteen subjects were studied The> were hospital patients and 
included people with and without stomach disorders The following 
points were analyzed (1) the amount of inflation necessary to produce 
pain (2) the location of the pain, (3) the character of the pain (4) 
the relation of pain to spontaneous sensations and to that produced 
b> inflation of esophagus and duodenum and (5) the mechanism of the 
induced sensations The results are summarized m Table I 

The character of the sensations The mam features of the referred 
sensation from gastnc inflation was its indefinite quality It was al 
most impossible to get exact descnptions from the subjects but on the 
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whole the sensations resembled those encountered ordinanly from 
loading the stomach — feelings of fullness, tightness or pressure 
more or less of a painful element superimposed In several cases 
were reflex attempts to nd the stomach of the large foreign boc 
means of belching, or violent nausea and retching supervened I 



Colon. Balloon. Colon. Balloo 


Fig 1 Stomach and Colon Balloons — Inflated and Collaps 

of interest to obsen^e how violently sick the subject could be ai 
result of a purely mechanical stimulus When more than 600-70 
of air were introduced the stomach outline began to stand out 
visible fullness, in no case was there \nsible peristalsis Case 14 
interest insofar as no definite sensation resulted from distension 
1500 cc of air In other cases discomfort resulted (see Table I) 
200 to 400 or 500 cc Except in Case 14, Avho seemed to be gene 
hyposusceptible to pain, no relation was found between the thres 
stimulus and the patient's general nerxmus make-up or the presem 
disease of the stomach Cases 12 and 15, for example, with pf 
ulcer responded very slightly to inflation 

WTien inflation was started the pressure in the bag rose rapidl 
about 40 mm Hg and then usually remained at about this 1( 
Apparently the stomach dilated readily on further introduction o 
without exerting much increased pressure 

The location of the induced sensations Inflation of the stomach j 
sensations which were much less sharply localized than those from 


TADLE I 

Abstract of case data and results of tnfiaiion of stomach 
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TABLE I {continued) 
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esophagus or duodenum The subject usually placed his whole hand 
over the general area which was affected, but the sensation was usually 
described as deep and not on the surface The dots in Fig 2 show the 
centers of the areas indicated in the various cases , the total distnbution 
of sensation corresponded roughly with the rectangular area In no 



Fig 2 Facii Dot Indicates tue Center or the Area or Referred 
Sensation frou Inflation of the Stomach in Sinteen Cases 

case did inflation of the stomach give pain much below the umbilicus or 
above the vyphoid with the exception of Case 9 who on each step in the 
inflation had severe pain in the temporal regions which was immediately 
relieved by releasing the pressure 

Rdatton of induced sensations to spontaneous discomforts and to 
esophageal and duodenal pain In several cases (Cases 4, 5, 7, 12) the 
induced sensations vere said by the patient definitely to resemble 
spontaneous discomforts In Cases 4 and 7 the induced stomach 
sensation resembled that produced by inflation of esophagus In other 
instances (see below) there was a resemblance between esophageal and 
duodenal pain The point of interest and of chmcal importance is the 
difficulty of identifying the site of the stimulus from the location of the 
referred sensahon 
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Mechanism of the referred sensations The abdominal surface area 
implicated by the referred sensations corresponded to the 7th, 8th and 
9th dorsal segments We interpreted the sensations as referred via the 
sympathetic However, nausea and retching, and in Case 9 the pains 
in the head, seemed clearly to be reflexes through the vagus 

DUODENUM 

Literature Ivy, Vloedman and Keane (1) inflated the duodenum m 
three normal men with 50 cc of air and produced nausea and chilliness 
Strouse and Shamberg (2) carried out similar experiments in a larger 
series of people In patients without abdominal disease they concluded 
that pain was localized at the position of the balloon whereas in cases 
of abdominal disease the results were variable or the patient’s spon- 
taneous pain might be reproduced As will be seen below our expen- 
ments yielded somewhat different results 

Methods and material A duodenal tube fitted with a balloon at its 
tip was used The tube was passed in the usual manner and its posi- 
tion was verified under the fluoroscope In a good many instances the 
balloon slipped back into the stomach as soon as inflation was begun 
so that only about one third of the experiments were successful 
However, in twelve cases the procedure was carried out satisfactorily 
under fluoroscopic control The exact position of the balloon, the 
amount of air necessary to produce sensation and the pressure in mm 
of mercury, the character of the pain and other symptoms and the 
location of induced sensations were recorded The subjects included 
hospital patients with and without digestive symptoms 

Results The mam features of the obsen^ations are summanzed in 
Table II and in Fig 3 

The character of the referred sensations The character of the referred 
sensations was similar to that obtained on inflation of the esophagus 
and stomach — deep seated more or less indescribable unpleasant feel- 
ings into which entered, in various cases, elements of pressure, fullness, 
burning, aching or colic In a general way the induced discomforts 
resembled those complained of by patients with indigestion, peptic 
ulcer, gallbladder disease or other abdominal disorders They pre- 
sented no specific features In several cases nausea and vomiting were 
induced On relieving the inflation the referred sensation always 
disappeared instantaneously and there were no after effects 



Surntnary of data from tnfltitunt of duodenum 


A L BLOOMFIELD AXD W S POLLAND 


463 


s 


A man of 60 years with anacidity 
Nc\er any similar spontaneous pam 

A man of 66 years \Mth catarrhal jaun 
dice. Never any similar spontaneous 
pam 

A man of 41 years with duodenal ulcer 
Induced pam resembles spontaneous 
pam in character and location 

1 A man of 54 wnth peptic ulcer of ecopha 
gUB and attacks of epigastnc pam In 
ducted pam rcBcmbles both his spon 
taneous discomfort and induced eso 
phageal pam 

A man of 60 years without spontaneous 
abdominal symptoms. Induced pam 
did not resemble esophageal pam Out 
standing reaction from both duodenum 
and esophagus is nausea and vomiting 

A man of 45 years with diabetes and 
obscure abdominal pain Induced p>am 
unlike spontaneous 
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The location of the referred sensations Fig 3 shows the location of 
the referred sensations in relabon to the position of the balloon in 
each case and Fig 4 shows the center of pain in all the cases and the 



Fig 4 Dotted Circle Indicates Total Area Imtlicatbd b\ Ke 
FERRED Pain from thp Duodenuii Each dot indicates the site of pain 
from a single inflation 

total area which was implicated It is seen that inflation of the duo 
denum may give pain from the xyphoid to the umbihcus although the 
nght upper quadrant was most frequently referred to in these tests 
We were unable to confirm Strouse and Shamberg s observation that in 
normals the pain was referred to the site of the balloon in contrast to 
other forms of reference in patients with mtraabdominal disease, 
indeed in our cases there was no correlation of any sort For the most 
part the referred pain was sharply localized (see diagrams) in contrast 
to the widely diffused sensations from the stomach However the 
stomach and duodenal areas overlapped (see Fig 7) 

The degree of inflation necessary to produce pain Table II shows that 
pain appeared in different cases with vanable degrees of inflation— 
from 40 cc to 200 cc of air The pressure in the bag also varied con- 
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siderably Case 7 had no sensation even after the introduction of 200 
cc of air It was impossible to correlate these variations with any 
clinical features such as presence or absence of disease of the duodenum, 
certainly the three cases of duodenal ulcer were not specially sensitive 
to inflation 

The rel-ahon of induced to spontaneous pain and of gastric esophageal 
and duodenal pain Table III shows in summary these relations 
In several cases inflation of duodenum reproduced the patient’s spon- 
taneous symptoms, m some instances these also seemed identical with 
induced pain from the esophagus Obviously one should not go too 
far in drawing conclusions from statements of patients as to subjective 
sensations, but a point of great clinical importance is brought out in- 
sofar as one clearly must be very cautious m diagnosing the site of 
origin of a pain from its situation alone 

COLON 

Great difficulties were encountered in introducing the balloon (see 
Fig 1) into the large bowel and our obsenmtions are confined to infla- 
tions of the left colon and sigmoid In order to prevent coiling of the 
tube in the rectum, which otherwise invariably occurred it was neces- 
sary to introduce the tube into the sigmoid through a proctoscope and 
then to attempt to pass it further Successful observations, with the 
position of the bag checked by fluoroscopy, were obtained in nine 
patients with miscellaneous disorders, and except for Case 8 without 
bowel disease We had found no reference in the literature to similar 
experiments on the intact bowel Since this paper was completed we 
have learned that Chester M Jones, of Boston, has presented a com- 
munication to the Cosmopolitan Club at their meeting on February 
27, 1930, dealing with the problem of referred pain from the bowel as 
the result of inflation by means of balloons From personal com- 
munication with Dr Jones it appears that he has obtained results 
essentially similar to ours It should also be pointed out that his 
present studies are the outgrowth of similar work on the esophagus 
which he reported several years ago at the meeting of the American 
Society for Clinical Investigation (5) Our work is therefore to be 
regarded as consequent and not antecedent to his 

Results The results are summarized in Table IV and Figs 5 and 6 



TABLB m 

Relalum of vtducrd to spcnlaruoiis pain 



11 Epigastnc discomfort I ilce spontaneous discomfort 
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Fig 6 Referred Pain from Colon Each dot indicates the center of 
referred pain from a single inflation 



Fig 7 Areas of Referred Pain Demonstrated by Inflation of 
Balloons in the Gastro intestinal Tract 
31 



TABLE IV 

Summary of data from inflation of colon 


470 


PAIN STOMACH, DUODENUM AND COLON 








































A L BLOOMFIELD AND M S POLLAND 


471 


Referred sensations of the same general sort as those originating in 
the stomach or duodenum were obtained — more or less indescnbable 
deep discomforts involving elements of fullness, pressure or colic and 
obviousl> related to sensationE normally eqienenced in connection 
with mo\'ement of the bowel As a rule pain appeared with about 100 
to 200 cc of air but in Case 7, 20 cc sufficed and m Case 1 , 500 cc were 
necessary We were unable to correlate these vanations with any 
other features of the case. In some instances the pain was sharply 
localized as regards surface distribution as m Case 5 , in others there 
was a wide indefinite area as in Cases 1 and 6 In Fig 6 each dot 
indicates the center of the area of referred sensabon from a single 
inflation It is seen that the whole area from umbihcus to pubis is 
implicated and that there was no definite relation between the site of 
the stimulus and the site of referred pain Of special interest for 
example, was Case 9 who with the bag in the descending colon felt 
pain in the nght lower quadrant. In some cases the bag could be 
moved quite a distance without altering the posibon of the pain (Case 
3) It is evident how uncertain it would be clinically to draw inferences 
as to the locabon of a lesion from the site of pain alone As soon as the 
bag was drawn from the sigmoid into the upper rectum imd inflated 
there a new type of sensabon resulted, namely a pain low in the back 
similar to that expenenced when the bowels are about to move. 

SUltMARY AND DISCUSSION 

These expenments show in bnef that b> inflabng vanous parts of 
the gastro intesbnal tract with balloons referred sensabons may be 
produced which fall under the general heading of pain More m de- 
tail, these sensations may be descnbed as deep seated fundamental 
more or less indescnbable forms of discomfort into which enter elements 
classed by the subject as pressure, fullness, distension, bghtness 
cramps or burning In many cases the subject recognizes the induced 
sensabon as similar to spontaneous discomforts encountered in his 
past e.xperience and likens them to the sensations of overeabng of 
indigesbon, of desirmg to go to stool, etc For the most part the 
induced sensabons seemed to be referred to segmental areas via the 
sympathetic, although in some cases nausea vomiting and remote pain 
as in the head or face probabl> represented vagal refle-\es 
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The mam object of our studies was to throw light on clinical problems 
particularly wth reference to the relation of site of pain to its point of 
ongin, and it was brought out almost consistently that the superficial 
distnbution of the referred sensations was remote from the site of the 
stimulus One may mention, for example, pain m the suprasternal 
notch from inflation of the lower end of the esophagus, pain m the 
gallbladder region from inflation of the 3rd portion of the duodenum 
and pain m the lower mid-abdomen from inflation of the splenic 
flexure WTiile the total areas of referred sensation from esophagus, 
duodenum and colon are different, they overlap to some extent (see 
Fig 7) so that at times it may be difficult to tell, for example, whether 
pain onginates in the esophagus or m the upper abdominal viscera 
These facts seem to sustain the thesis laid down in the preceding 
paper (3) that symptoms of this sort occurring in patients do not bv 
themselves enable one to make a diagnosis of the underlying disorder 
This concept, even if not generally accepted at present, is not a new 
one and was championed by Sir James Mackenzie “Attempts are 
continually being made to classify affections of the stomach, and the 
lack of agreement in these classifications is merely due to the fact that 
attempts are made to differentiate what can not be differentiated 
This will be realized when the nature of stomach symptoms is consid- 
ered Apart from some charactenstic vomits (blood, mucus) and 
certain changes indicated in the position of the organ (and these refer 
only to a minute proportion of the cases), all the symptoms are of a 
reflex nature, pain, cutaneous and muscular hyperalgesia, muscular 
contraction, vomiting and air suction As any adequate stimulus 
may suffice to produce these symptoms, and as this adequate stimulus 
may arise from the most various causes, trivial or severe, it follow's that 
there is a great siimlanty in the sjunptoms in diseases of the most vaned 
kinds" (4) If all this be true it would seem to be sounder practice to 
admit the limitations of “digestive symptoms” m diagnosis and to 
realize that unless more conclusive eAudence can be obtained by x-ray 
study or m other wmys it is unwnse to set up criteria which actual 
expenence show s to be unsound 
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THE BLOOD VOLUME IN HYPERTHYROIDISM 


By HSIAO-CHIEN CHANG 

[From the Veparlmenl o] lleiiane Peiptni Umon iledical CoUeje Petping China) 
(Received for publication May 4 1931) 

Thyrotoxicosis is almost invariably assoaated with a certain degree 
of cardiovascular disturbance Tachycardia is always one of the first 
signs of this malady Demonstrable enlargement of the heart fre- 
quently follows Cardiac arrhythmia, espeaally auricular fibnllation, 
and congestive heart failure often constitute the important part of the 
clinical picture during the later part of the course of the disease 
Occasionally the patient's death may be directly attributable to car- 
diac insuffiaency Although vanous views have been put forward, 
the cause and nature of these circulatory derangements remain in- 
completely understood Attempts to find charactenstic histological 
changes in the myocardium have been without success The isolated 
reports of damage to the heart muscle (1) (2) (3) (4) give no convinang 
evidence that the lesion was specific That the thyroid heart is not a 
permanent condition has been recently emphasized by Thomas (5) 
One of the patients reported by this author died from heart failure, but 
presented no significant myocardial damage on postmortem examina- 
tion On the other hand investigations into the physiological pathol- 
ogy of the disease have been less disappointing Years ago Plesch (6) 
demonstrated' an increased minute volume m the patients suffenng 
from exophthalmic goiter Stewart (7) by his special technic found 
m Graves disease an exceptionally large blood flow m the hands and 
this he thought was in agreement with the flushmg of the skin which 
is commbniy seen More recently the cardiac output m hyper- 
thyroidism has aroused a renewed interest (8) (9) (10) (11) (12) 
In spite of the widely different methods employed, all investigators with 
the single exception of Rabinoivitch and Bazin (9) have come to the 
same conclusion as that reached by Plesch Blumgart, Gargill and 
Gilhgan (13) studied 13 thyrotoxic patients itnd showed that the 
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Speed of blood flow through the lungs was much faster than the average 
normal speed of flow The velocity of the venous blood flow from the 
arm to the heart was likewise greatly enhanced It would thus seem 
that the cardiac disturbance m thyroid disease may merely represent 
the effect of prolonged overloading and fatigue of the heart muscle 
Inasmuch as the total circulating mass plays an important r61e m 
hemodynamics an inquiry into this factor should assist greatly in 
understanding the magnitude of the extra load imposed upon the 
heart Blotner, Fitz, and Murphy (14) have already studied the total 
blood count m this disease The present communication deals with 
the blood volume findings m hyperthyroidism and their subsequent 
changes after partial thyroidectomy 

EXPERIMENTAL 

The blood volume was determined by the carbon monoxide method 
according to the technic reported previously (15) This is a simple and 
reliable method with a meiximal error of less than 5 per cent It has the 
special merit of giving constant and consistent results m the same 
individual with repeated measurements, thus obviating the obiection 
of an "immunity" effect inherent in the use of dye as pointed out by 
Lindhard (16) Four normal subjects were observed repeatedly under 
identical conditions as regards position, environmental temperature, 
physical activity, and the state of alimentation Their blood volumes 
determined by the carbon monoxide method remained practically the 
same on these different occasions (Table 1) 

The routine procedure in the study of the patients was as follows 
In measunng the blood volume beisal condition was not maintained, 
but the technic was carefully standardized so that all determinations 
were done in the afternoon about three hours after lunch, with the 
patient in recumbent posture, and after thirty minutes of complete rest 
The basal metabolic rate was obtained by the Tissot method The 
hematocrit readings, red blood cell count and estimation of the oxygen 
capacity were earned out by the usual methods In selecting the 
patients for investigation only frank cases of hyperthyroidism were 
included Border line cases and patients with proved organic heart 
disease were not included 

In all, 21 subjects were studied The basal metabolic rate ranged 
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TABLE 1 


Blood Tdumet of 4 normal subjects on re^ed measurements (CO method) 







Blood Tolome 

Sobjtct 

Date 

\\ eluht 

Sarface area 

Total 

Per 

IcQofiram 

Per aqoare 
meter 

H CC 

September 8 1928 

ktM 

640 

square mtter 

175 

ct, 

4230 

«- 

661 



No\'ember 5 1928 

646 

176 

4170 

64^ 



December 5 1928 

646 

1 76 

4185 

647 

KB 


Febniarj 10 1929 

650 

1 77 

4220 

65 0 

2384 

C T H 

April 24 1928 

1 

658 

1 79 

4590 

698 

2565 


June 31, 1928 

649 

1 78 

4550 

70 1 

2557 

S H L 

March 13, 1928 

69 7 

1 87 

4670 

67 0 

2500 


July 26, 1928 

68 0 

186 

4690 

690 

2520 

S M L. 

AprU 13 1928 

52 6 

159 

3690 

70 2 

2320 


August 22 1928 


1 58 

3640 

70 0 

2300 


between plus 23 and plus 109 per cent All the subjects had clinical 
signs of exophthalmic goiter except one patient with a to-nc adenoma 
The data are summanted m Table 2 The average blood volume was 
77 8 cc per kilogram of body weight and 2624 cc per square meter of 
body surface, both being definitely higher than the respective normal 
values ‘ In more than half of the patients the blood volume was 
higher than the maximal limit obtained in the normal senes reported 
elsewhere (15) However, no definite correlation can be shown to 
exist between the extent of the increase in blood volume and the height 
of the basal metabohsm This is not surpnsing m view of the individ- 
ual vanation of both of these physiological factors m the normal 
subjects The red blood cell count and the oxygen capaatj' seemed 
to fall within normal limits, except in Case 12 m which there was a 
definite reduction m hemoglobin This is consistent with the belief 
that anemia is probably a rare event m uncomplicated hyperthy 
roidism (17) In no case was any appreciable polycythemia en- 
countered 


* The blood \olume of 16 normal adults determined by the same method 
ai eraged 66 6 cc per kilogram of bode weight and 2474 cc per square meter 
of body surface (15) 
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TABLE 2 


Blood volume, oxygen capacity, hematocrit reading, red blood cell count and basal metab- 
olism in 21 cases of hyperthyroidtsm 


Case 

num* 

ber 

Sex 

Baeal 

metabolic 

rate 

Blood volume 

Red blood 
cells 

Oxygen 

capacity 

Cell 

volume 

Total 

Per 

klloBram 

Per square 
meter 



pfr cent 

cc 

cc 

cc 


vdtmes 
per cent 

per cent 

1 

F 

+55 

3730 

810 

2590 


17 3 

37 5 

2 

F 

+31 

3315 

73 0 

2240 


15 6 

35 0 

3 

F 

+51 

3610 

58 2 

2099 

4 93 

20 9 

43 5 

4 

F 

+34 

5120 

76 4 

2910 

471 

20 0 

440 

S 

F 

+73 

4041 

74 1 

2574 

5 00 

19 1 

43 0 

6 

F 

+33 

4780 

74 0 

2860 


18 2 


7 

F 

+30 

4880 

69 0 

2638 

5 13 

19 8 

440 

8 

F 

+47 

3100 

62 4 

2095 

4 51 

14 7 


9 

F 

+54 

4552 

86 3 

2958 

5 28 

20 1 


10 

F 

+68 

3325 

62 6 

2190 

5 28 

18 5 

43 2 

11 

F 

+43 

3250 

69 2 

2258 

4 38 

14 7 

34 8 

12 

F 

+74 

4500 

95 0 

3100 

444 

12 8 

34 8 

13 

M 

+50 

5100 

810 

2930 


18 4 

43 7 

14 

F 

+40 

3285 

78 0 

2570 

4 68 

16 2 


15 

F 

+23 

3610 

60 6 

2175 

4 33 

17 5 


16 

F 

+48 

3930 

844 

2730 

4 31 

16 5 

37 8 

17 

M 

+70 

4170 

91 2 

2725 

4 87 

16 3 

47 4 

18 

M 

+61 

5610 

115 2 

3635 

5 20 

18 5 


19 

F 

+ 109 

3965 

82 6 

2680 

5 09 

16 5 

40 0 

20 

F 

+80 

3120 

72 4 

2200 

5 01 

17 1 

39 5 

21 

F 

+34 

5390 

88 0 

2950 

5 14 

20 6 

47 0 

Average 

+53 

4113 

77 8 

2624 

4 79 

17 6 

409 


These high values for the volume of blood in hyperthjTOidism might 
have been argued to be only apparent since these patients had probably 
all lost weight and the circulatory volume relative to the body weight 
and the body surface would naturally be high To settle this point it 
remained necessary to study these cases both during the course of the 
illness and after a cure was effected through partial removal of the 
diseased thyroid gland This was possible in 15 patients in whom in 
addition to the initial determination subsequent examinations were 
carried out after the institution of treatment The routine therapeutic 
procedure consisted of digitalization and administration of Lugol s 
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solution, followed, at an opportune bme, by subtotal thyroidectomy 
After the operation the patients were symptomatically relieved and 
their basal metabolic rates practically all returned to the normal level 
The time between the operation and the subsequent determination of 
blood volume varied from 10 days to 5 months, but in the majority 
of cases the interval was fairly short so that little difference, if any, 
existed between the patient's weight before and after the surgical 
procedure The results are given m Table 3 ’ In Table 4 the per- 
centage decrease of the metabolic rate after the operation is compared 
with the corresponding figure for the blood volume. It may be seen 
that these two run quite parallel with each other Only in Case 14 
does this parallelism not seem to exist and it is interesting to note that 
this IS the only patient in the senes who had a toxic adenoma This 
patient did not appear ill there was no tachycardia or cardiac enlarge 
ment and the only indication of disease was the elevated roetabohsra 
Subtotal thyroidectomy was not performed for this patient After 
the enucleation of the adenoma the metabolism fell but not the blood 
volume. In nearly all the cases while the diminution of the blood 
volume following the operation was definite and far e.xceeded the 
maximal error of the expenmen tal method, it was less stnkmg than the 
decrease in metabolism This is probably because metabolism per 
nuts a greater deviation from normal and because the change in blood 
volume 13 not the only arculatory adjustment in hyperthyroidism ' 
As a rule the total blood volume and the volume relative to the body 
surface showed a percentage fall of approximately the same magnitude. 

That the observed postoperative change in the blood did not repre- 
sent the immediate effect of the surgical interference was clearly shown 
in Case 9 ,This patient was followed for nearly two years after her 
operation Her blood volume throughout this penod remained 
practically the same and was always considerably lower than before 
the subtotal thyroidectomy 

Iodine in the form of Lugol s solution effiaently lowered the basal 
metabolism in all the cases Of the five patients studied after the 
administration of this drug four showed a deasive drop in blood volume 

'The first seien cases were studied through the kindness of Dr G \ 
Harrop Jt in the Johns Hopkins Medical Chnic to whom the author wishes 
to express his apprcciatJon 



TABLE 3 

Blood volume, basal meiabohc rale, red blood cell count, oxyf{en capacity and cell volume in 15 cases of hyperlhyroidtsm before and after 

treatment 
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Oq admismon 

After a course of Lugol » solution 
After subtotal thyroidectomy 

On admission 

After a course of Lugol s solution 
After subtotaJ thyroidectomy 

Before subtotal thyroidectomy 
After subtotal thyroidectomy 

On admission 

After a course of Lugo) s solution 

After subtotal thyroidectomy 

Before subtotal thyroidectomy 

After subtotal thyroidectomy 

Before subtotal thyroidectomy 

After subtotal thyroidectomy 

On ndmisalon 

After a course of Lugql s solution 

After subtotal thyroidectomy 
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along with the fall in metabolism Following the partial removal of 
the thyroid gland there was in these patients a further decrease in the 
orculating blood 

DISCUSSION 

The results given above clearly illustrate the adjustment of circula 
tion m time of need The election of metabolism in thyrotoxicosis 
places the patient at rest on a physiological level with a normal person 
dunng physical exertion The increased demand for oxygen necessi 
tates an increase in the circulation The relation between the basal 
metabolism and the pulse rate is a well recognized fact in Graves' 
disease 118) The behavior of the cardiac output and the blood flow 
under the same arcumstances has already been referred to Barcroft s 
classical expenment (19) on the exteriorized spleen has shown that 
there is an outpouring of blood from this important reservoir dunng 
exercise This sudden addition of blood to the systemic circulabon 
must mean a considerable increase in its volume. As hyperthyroidism 
and physical exercise are closely analogous, the increase m the circu 
lating volume in these two conditions may be looked upon as the same 
physiological and compensatory mechanism The extra load thus 
imposed on the heart may well serve to throw light upon the patho 
genesis of heart failure m thyroid disease To push the analogy further 
there seems little distinction, etiologically, between the thyroid heart 
and the heart disease occasionally observed among the athletes, the 
difference being that in the case of the former the insult to the cardio 
vascular system is constantly operative and the damage becomes, 
therefore, severer The lowenng of metabolism after partial thy- 
roidectomy means a decrease m oxygen requirement and consequently 
there is a return of the blood to its normal volume. Similarly m hypo- 
thyroidism, in which an abnormally low metabolism prevails, the 
opposite change in blood volume would be expected to take place 
This IS actually the case, as was demopstrated by Thompson (20) 
This author employed the dye method for the determination of blood 
volume He was able to increase the plasma volume of his patients, 
frequently to the extent of 25 per cent, by the administration of 
thyroxin or thyroid e.xtract On omission of the glandular therapy 
the plasma volume invanably decreased again Table 5 records the 
findings by the carbon monoxide method for blood volume m a case of 
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myvedema, these are enhrely m accord with Thompson’s observa- 
tions r 

We may now turn to consider the question from another standpoint, 
namely, that of hemodynamics In hyperthyroidism, particularly 
in exophthalmic goiter, the blood supply of the thyroid gland is con- 
siderably increased The pulsation and bruit often eliated over the 
diseased gland indicate a marked increment of its vascularity The 
neck veins and the carotid arteries are frequently dilated There is 
thus a wide capillary bed in the neck which may short arcuit a large 
portion of the blood and may bear a close resemblance to an arteno 
venous fistula The similanty between the two conditions may be 
exemplified further In hyperthyroidism a high pulse pressure is 
quite a constant feature There is flushing of the skin from which 
may be inferred a diminution of the penpheral resistance There 
seems an increase in the vascular bed generally as well as over the 
thvroid gland This is precisely what occurs in the artenovenous 
fistula Holman (21) m a series of expenments has shown that in 
the case of an artenovenous fistula, the gradually increasing dilatation 
of the vascular bed is compensated by a corresponding increase in the 
blood volume and that this volume change may be easily rectified by 
either temporary or permanent closure of the fistula In the light of 
Holman s findings it seems difficult to expect the circulatory volume 
to behave otherwise in exophthalmic goiter The partial excision of 
the hypertrophied thyroid may be nghtly compared with the closing 
of the artenovenous fistula In this connection it is interesting to 
note that in Case 14 of the senes here reported, (the case of toxic 
adenoma) in which no profound vascular change of the thyroid gland 
was present the imtial blood volume did not appear excessively high 
nor was a postoperative reduction observed 
From these theoretical considerations and the actual expenmental 
data It seems highly plausible to explain the pathologic physiology of 
the circulatory system in thyrotaxicosis on the following basis The 
elevated metabolism means increased oxygen consumption and in- 
creased transportation of metabolites This increased demand must 
be met by some ad]ustment on the part of the arculatmg medium 
Such an adjustment is accomplished by an elevation of the pulse rate, 
augmentation of the cardiac output acceleration of the blood flow, 
32 



486 


BLOOD VOLXBIE IN HYPERTHYROIDISM 


enleirgement of the vascular bed and by increase of the blood \olume 
The great vasculanty of the diseased thyroid contnbutes to aggravate 
all these changes The resulting extra load on and insult to the heart 
must be considerable and, when long continued, must eientualh 
produce fatigue and failure It is thus not necessaiy'^ to assume any 
direct toxic action of the thyroid hormone on the heart m order to 
seek an understanding of the familiar cardiovascular disturbance in 
hyperthjToidism 

SUMMARY 

The circulating blood volume of 21 cases of hyperthyroidism was 
determined by the carbon monoxide method and was found to be much 
higher than the average normal volume Of the 15 cases in which 
subsequent determinations were possible following subtotal thjToidec- 
tomy all but one (a case of toxic adenoma) showed a definite reduction 
of the blood volume after the operation Five cases were studied after 
the administration of Lugol’s solution This treatment alone had an 
appreciable effect in decreasing the blood volume along with the fall 
m the basal metabolic rate 

The significance of these findings and their bearing on the patho- 
genesis of the cardiovascular disturbance m thjToid disease are 
discussed 
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THE ACID BASE EQUILIBRIUM IN PATHOLOGICAL 
CONDITIONS 

H ALILALOSIS OBSERVED IN HYPERTENSIX^ STATES ^ 

By EDWARD MUNTWWLER and CHARLES T WA\ 

WITH THE Technical Assistance of DOROTHY BINNS 

(From the Def^rtmml of Biachemttlry School of iledicrne H eilem Raerve Untverstly, 
Cleoelani) 
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Nephribs with nitrogen retention has generally been considered to 
be associated with a progressive aadosis Whitney (1) and Chace 
and Myers (2) were among the first to pomt this out The latter 
workers observed that all fatal cases of chronic nephntis with marked 
nitrogen retention showed a severe aadosis, suffiaent in many in- 
stances to be the actual cause of death Since aadosis js a term applied 
to conditions in which the bicarbonate concentration of the blood is 
low it mav arise from several causes a reduction of the total base 
concentration or an increase of the aad ions An mflux of aad into 
the blood may occur from an abnormal formation as in diabetes 
mellitus or from a decreased elirmnation as in chronic nephntis 
Mamott and Howland (3) demonstrated an increase m the phosphate 
of the serum m nephntis with a lowered COj capaaty of the plasma 
and decrease in plasma pH Greenwald (4), Denis and Minot (S), 
Salvesen and Linder (6), and Schmitz Rohdenburg and Mvers (7) 

1 This in% csugation was aided b> a grant from the Josiah Macy ]r 
Foundation 

A preliminary report of this work was presented before the Amencan 
Sonetj for Expenmental Pathologj Chicago March 1930 ] Biol Chem 

1930 lvxx\ii iv 

Most of the cases in this study were on the service of one of us (C T W ) 
in the Medical Wards of St Luke s Hospital the rest were in the Medical 
W ards of the Citj Hospital We are indebted to Drs R. \\ Scott \\ F 
Burger and H A Ruprecht for the pnnlege of studjnng the cases at City 
Hospital 
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have also shown retention of acid phosphate in nephritis De Wes- 
selow (8) pointed out that on the average the retentions of phosphates 
and urea run a parallel course That phosphate may not be the only 
acid constituent to be retained was pointed out by Denis and Hobson 
(9), Loeb and Benedict (10), and Wakefield (11), who showed that in 
nephntis with nitrogen retention the SO4 ion is retained in the blood 
and roughly parallels the nitrogen retention 

Salvesen (12) studied the changes of the individual cations and 
anions along with the pH and CO2 tension in the blood of 37 cases 
having renal disorder It was found that an acidosis is very frequent, 
and if acute nephritis is excluded the condition for aadosis is kidney 
insufficiency In two of the cases observed by Salvesen the aadosis 
was attributable to an increased chloride It was concluded that the 
most important factor causing acidosis is an accumulation of organic 
acid in the blood and this factor is aided by a more or less pronounced 
loss of base Phosphate retention was considered of no importance 
Recently Peters, Wakeman, Eisenman and Lee (13) have also con- 
sidered the factors causing the acidosis of nephritis by mabng a total 
acid-base equihbnum study of the plasma The most stnkmg fact 
observed was the frequencj^ of reduction of the bicarbonate concen- 
tration One of the electrolyte disturbances most frequently encoun- 
tered was a defiaency of the total electrolyte (base) concentration 
of the serum and this was considered instrumental in the production 
of acidosis in a rather large proportion of cases Phosphate increases 
were found relatn ely insignificant factors in causing aadosis It 
was also concluded that sulfate and organic acids are less important 
than had been supposed Chloride as well as bicarbonate was di- 
minished in most cases with deficient base, and a reduction of Cl and 
base was usually encountered when vomiting was a serious symptom 
or when the patients had received limited amounts of salt and excreted 
large amounts of fluid It was pointed out that one rather surpnsing- 
fact seems to have been accepted without comment by previous 
observers, “that bicarbonate is never found elevated in a condition in 
which vomiting is such a prominent symptom ” 

Before the appearance of the above report, the possibility of finding” 
an increased bicarbonate in connection with cases showing vomiting 
had attracted us to study cases of hypertension in which vomiting; 
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■ft as a prominent symptom since it was early pointed out by Kast, 
Myers and Schmitz (14) that vomiting may lead to alkalosis A 
study of the acid base equihbnum has been made m tw elve cases, 
nhich were characterized by a persistent high blood pressure with only 
moderate or no nitrogen retention The first two cases reported were 
the only ones m which there was considerable vomiting 

METHODS EMPLOYED 

The blood, usually 25 or 30 cc , was withdrawn from an arm vein 
under oil and w ithout stasis All samples were taken before breakfast 
The blood was immediately transferred under oil to a special centnfuge 
tube and tightly stoppered After removing enough blood under oil 
for oxygen capacity determinations the sample was centrifuged and 
the plasma separated as quickly as possible and placed under oil in a 
special tube as descnbed elsewhere (15) The COj content and pH 
estimations were then made immediately 

To prevent clotting, hepann was employed (1 mgm hepann for 5 
cc. of blood) This was carefully weighed and placed m the centn 
fuge tube A small drop of distilled water was added to the hepann 
in order to make a paste This made possible the free mixing of the 
blood with the hepann when placed under oil 

The carbon dioxide content was determined by the method of Van 
Slyke and Neill (16) For the estimation of chlondes the method of 
Van Slyke (17) was employed With the introduction of the modifica- 
tion by Wilson and Ball (18) the latter procedure w as employed The 
pH was determined colonmetncally as descnbed by Myers and Munt- 
wyler (15) The procedure was the same e.xcept m the adjusting of 
the saline mdicator solution Instead of employing 1 per cerit NaOH 
to adjust the saline solution to pH 7 55, CO, free air was drawn through 
the solution until the pH was 7 4 to 7 5 For total base, the method 
of Stadie and Ross (19) was employed The phosphate of the plasma 
was not determined m all cases For this reason the total base figures 
were not corrected for the loss by combinauon with phoqihate 
Since however the phosphate was found normal when determmed, 
only a small error is introduced by this omission For the detenmna- 
tion of total protem 0 S cc. of plasma was subjected to a Kjeldahl 
procedure From the total nitrogen 30 mgm per 100 cc. was sub- 
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traded This is to correct for nonprotein nitrogen, as the latter was 
not determined in all cases 


CALCULATIONS 

The value for grams total protein per 100 cc was converted into 
milhequivalents of base combined luth protein by the formula of Van 
Slyke, Hastings, Hiller and Sendroy in the form used b\ Peters, et al 
(13), 

BP = 1 072 P(pH - 5 04), 

m which an albumin globulin ratio of 1 8 was assumed BP and P 
represent respectively the milhequivalents of base combined with 
protein per liter of serum and grams of protein per 100 cc 

The milhequivalents of base combined as BHCO3 were obtained 
from the pH and total CO* by the following equation 

mEq BHCO,= CO,-p;gg%^, 

in which CO 5 IS the mM concentration of total CO 2 

The total measured acid (T A ) m this discussion is taken as 

T A = BHCO 3 -f BCl + BP, 

where BHCO3, BCl and BP represent milhequivalents of base com- 
bined with HCO3, Cl and P respectively The difference between 
the total base (T B ) determined and the total measured acid is termed 
the undetermined acid and represents the amount of base equivalent 
to the phosphate, sulfate and salts of organic acids 

RESULTS 

The results of the plasma analyses of trvelve cases with persistent 
hypertension are collected m Table I ^^^lenever possible, the cases 
were observed over considerable periods of time, the blood samples 
being taken either every week or every other veek In this way 
successive changes to termination were followed 

If one assumes a plasma bicarbonate concentration of 31 m Eq as 
the upper limit of normal, a condition of alkalosis existed in six cases 
at some penod in the observation -(Cases 1, 2, 3, 4, 5 and 7) The 
highest plasma bicarbonate was observed with Case 1, where the 
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concentration varied between 34 and 37 m Eq over a penod of twenty 
two days ]ust preceding death, and dunng which time the patient 
presented an uncontrollable vomiting The only other case to show 
vomiting was Case 2 and here the plasma bicarbonate reached a 
maximum value of 35 m Eq The lowest bicarbonate concentration 
encountered was 18 4 m Eq This was found in the terminal blood 
of Case 3 It should be pomted out however that this case had 
prevnously shown a maximum bicarbonate concentration of 32 m Eq 
The great majonty of the plasma bicarbonate concentrations were 
abov e 27 m Eq 

The colonmetnc pH of the plasma was found elevated m a greater 
number of cases than was the bicarbonate. A pH above 7 48 was 
observed in all but one case the maximum of 7 59 being observed v\ ith 
Case 4 The lowest pH value 7 28, was obtained in the terminal 
blood of Case 3 

Considerable variation was encountered m the total base and 
chlonde concentrations Cases 1 and 2 which were accompamed by 
vomiting had the lowest chlonde concentrations observed namelj 
83 and 85 m Eq respectively The highest chlonde concentration 
observed was 107 m Eq (Case 11) With the exception of 8 and 9, 
all the cases had chlonde concentrations below 100 m Eq at some 
penod dunng observation In the individual cases obsen'ed ov'Et 
considerable penods of time the chlonde concentration fluctuated 
widel) Cases 1 and 2 were accompanied with chloride decreases 
of 13 and 17 m Eq respectively This was undoubtedly augmented 
by the loss of chloride with vomibng This decrease of chlonde was 
accompanied b> a decrease of total base and at the same time an in 
crease m the bicarbonate concentration The increase in bicarbonate 
was, however, not as great as the decrease in chlonde with the conse 
quence that the total measured aad concentration was decreased 
Cases 3 and 5 had chlonde changes of 11 and 13 m Eq respectively 
The highest bicarbonate concentration of Case 3 was present with 
the lowest chlonde concentration This was also the observation 
with Case 5 The total base appeared in most instances to change in 
the same direction as the chlonde. The total base concentration 
vaned from a high value of 176 m Eq m Case 7 to a low value of 137 
m Eq m Case 1 The total measured aad concentration was more 
uniform than the total base varjong behveen 152 and 132 m Eq 
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March 24 19J0 7 55 

March 31, 1930 7 42 
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DISCUSSION OF RESULTS 

At the outset of this study, interest was attracted to the influence 
of vomiting on the acid-base equilibrium of the plasma It has been 
shdwn by a number of workers in pyloric obstruction, and by others 
(20) m cases of periodic vomiting from other causes, that there is an 
alkalosis as a result of the loss of acid from the body in the form of 
HCl The question of a loss of chloride in the vomitus was considered 
by Peters, Wakeman and Lee (21) in connection with the reductions 
•of chloride and base observed in nephntis They found that the 
vomitus of uremic patients, although not a negligible source of chloride 
loss, is usually not an important one The chloride concentraPon 
m the vomitus often exceeded that in the urine, though the total vol- 
ume of the vomitus was so small in comparison with that of urine that 
the chloride actually lost m the unne was usually far m excess of that 
m the vomitus Further, they found that vomiPng m nephntis does 
not eliminate chloride alone, but also a considerable amount of base 
This they offered as parPal explanation for lack of bicarbonate excess 
even with the most persistent emesis The absence of alkalosis was 
attributed in part, furthermore, to the tendency to lose base in the 
urine in combination with acids which would ordinarily be neutralized 
by ammonia, since it had been shown by Van Slyke, Linder, Hiller, 
Leiter and McIntosh (22) that there is a decreased ability in nephritis 
to form ammonia 

It IS of interest then to consider Cases 1 and 2 in detail, since they 
were the only ones to show vomiting At no time during the period 
of observation was alkali administered Case 1 presented persistent 
vomiting from February 7 to March 1, during which time, over a 
period of several days at a time, very little food could be retained 
Oral administration of NaCl, NH4CI and dilute HCl was attempted 
from February 23 to March 9 Very little was retained as a result of 
the vomitmg Case 2 showed intermittent vomiting spells from the 
first observation until termination Both of these cases showed a 
progressive fall in chloride and total base concentrations The de- 
crease in total base was not as great as the fall in chloride and the 
difference wms more than made up by an increase in bicarbonate 
The total measured acid concentration, how^ever, showed a progressive 
decrease A high pH wms observed in both instances Case I showed 
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a condition of uncompensated alkalosis over a penod of twenty two 
days just preceding death Case 2 attained a maximum plasma bicar- 
bonate concentration of 35 m Eq No analyses were made of the 
vomitus so that the amount of aad and base lost by this route is not 
known It may be that in these cases tilth little nitrogen retenbon 
there is considerably more free HCl lost in the vomitus than in those 
described by Peters, Wakeman and Lee (21) 

Hartman Smyth and Moser (20) found that Cl seldom appeared in 
the unne or only in very small amounts when the serum chlonde was 
below 90 milhequivalents Peters, Wakeman and Lee (21) have 
show n that in some cases of nephntis there is a tendency for both base 
and chlonde to be excreted in the unne when the serum chlonde has 
fallen below the level which in normal individuals determines achlor 
una In Case 1 (see Table II) the plasma chlonde concentration 
was definitely below 90 m Eq , yet chlonde was appeanng in the 
unne. On the other hand there was apparently a conservation of 
base in that even though the bicarbonate concentration of the plasma 
was defimtely above normal, the unne showed an aad reaction In 
the other cases studied, the unne showed an acid reaction with the 
exception of Case 3 Case 6 had an extremely aad reachon while 
Case 4 had a unne aad to pH 6 0m spite of the 31 m Eq plasma bi 
carbonate concentration It is of interest in this connection that 
Kast, Myers and Schmitz (14) pointed out that m certain cases 
alkalosis IE readily produced by bicarbonate administration for the 
reason that the kidneys do not readily eliminate alkali In two of 
their cases the unne remained strongly aad (pH 5 2 and 5 12) despite 
an alkalosis 

The changes m aad base balance appear m general to be such that a 
lowered plasma chlonde accompanies the elevated bicarbonate 
The elevated bicarbonate may be present in spite of a lowered total 
base concentration In Cases 1, 2, 4, 5 and 10, the elevated bicar- 
bonate was accompanied by a total base concentration below 150 
m Eq and a chlonde concentration at or below 100 m Eq It might 
be inferred that in these cases there were complications of heart failure 
with high bicarbonate as a result of anoxic anoxemia as reported by 
Peters, Bulger, and Eisenman (23) Cases 1 through 9 Were under 
careful observation since they w ere on the service of one of us (C T W ) 
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TABLE II 


Urine changes in cases of persislent hypertension 


Case 

number 

Date 

Urine 

Plasma 

pH 

Chloride 

Cl 

HCOj 




irotns Per liter 

m Eq 

m Eq 

1 

Februarv 23, 1929 

6 S 

1 8 

84 

36 


March 1, 1929 

61 

2 1 

84 

34 


March 9, 1929 

65 

1 1 

83 

36 

3 

March 29, 1929 



105 

30 


April 1, 1929 

74 

48 




Apnl 4, 1929 



105 

30 


Apnl 6, 1929 ] 

7 5 

42 




May 23, 1929 

7 0 


103 

28 

1 

June 22, 1929 

7 2 


98 

31 

4 

February 13, 1930 



94 

31 


February IS, 1930 

57 

44 




March 14, 1930 



91 

30 


March 20, 1930 

59 

54 



5 

March 29, 1929 



97 

1 

29 


Apnl 1, 1929 

54 

54 




January 3, 1930 

65 

1 1 6 

101 

28 


January 16, 1930 

63 

! 42 

97 

31 


February 10, 1930 

57 

43 

98 

30 

6 

January 16, 1930 

50 

1 8 

100 

29 


January 31, 1930 

47 

2 0 

101 

30 


February 10, 1930 

49 

20 

103 

31 


February 11, 1930 

50 

38 




Februarj 15, 1930 

44 

34 

104 

27 


m the Medical Wards of St Luke’s Hospital Cardiac insufficiency 
was in evidence in Cases 3, 4, 5 and 6 at some time during the period of 
observation It should be pointed out, however, that no cardiac 
insufficiency was present in Cases 1, 2 and 7 where the highest plasma 
bicarbonate concentrations were observed Further, in Case 3, during 
the early penod of observation when an alkalosis was manifested, 
cardiac insufficiency was not a pronounced factor During the later 
period of observation a very considerable degree of edema developed 
and myocardial insufficiency was in evidence, but at this time the 
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bicarbonate concentrabon had fallen to such a degree that an aadosis 
existed 

Salvesen (12) found that an aadosis is of frequent occurrence in 
diseases of renal ongin, whereas an alkalosis is very seldom if ever met 
with However, he pointed out that a change in the pH to the alkaline 
side, due probably to a low COt pressure, may be seen more frequently 
Unusual clinical interest is attached to Cases 1, 2, 4 and 12 of this 
study The pictures they presented would have been regarded as 
typical examples of aadosis had not the determinabons of the plasma 
COi content revealed the presence of an alkalosis Attention has 
frequently been called to the marked similant> of the clinical pictures 
of these two disturbances of the aad base balance and the frequent 
necessity for chemical blood studies for their differentiabon Thera 
peubc efforts to control the alkalosis assoaated with hypertension 
have been of little if any, value in axerting the fatal issue Where 
chlonde depletion is the result of vomiting the admimstrabon of 
chlonde would seem to be indicated Oral administration of chlonde 
tvas attempted with Case 1 Little of xalue was accomplished due 
to the interference from the vomibng Intraxenous administration 
of chlonde w ould probably have given some relief 

SUJlMARt 

1 A study of the acid base equilibnum has been made in bvelve cases 
showing persistent hypertension wuth only slight nitrogen retention 

2 A plasma bicarbonate content above 31 m Eq was observed in 
six cases while an elevation of plasma pH to above 7 48 was found in 
all but one case 

3 Two cases presented severe x-omibng which was accompanied by 
a loss of chlonde and total base from the blood and an elexabon of 
bicarbonate 

4 Chlonde and total base concentrations were very irregular 
The chloride concentration in the majonty of cases was below 100 
m Eq In several cases a high bicarbonate w as in evidence even in the 
presence of a low total base concentrabon 

5 It is logical to expect that if xomiting occurs in cases having a 
tendency to an elevated bicarbonate and a lowered chlonde concentra- 
bon, a condibon of alkalosis will result. 
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CASE HISTORIES 

Cflje I 70812 T W female aged 38, houeevnfe was observed over 
approximate^ two and one half >ears. Her chief complaints were head 
aches accompanied by nausea and x omiting throbbing in the head numb 
ness and tingling in extremities progressite weight loss and noctuna 
Dunng the latter period of her Illness xnsion was seriously impaired 
The salient physical and laboratory hndings were slight cardiac enlarge 
ment, sj’stohc blood pressure which x*aned from 180 to 260 and diastolic 
pressure from 130 to 160 fundi of both eyes showed artenosderotic changes 
the uterus was about the size of a grapefruit firm and apparently fibroid 
in nature unne showed a trace of protein dunng the last year of observ ation 
wnth occasional hyaline and granular casts serological studies of both blood 
and spinal fluid were negatixe complete gastro^inteslinal x ray findings 
were negatixe 

Dunng the latter part of this patient s illness her most distressing prob 
lems were headache and xomiting from which it was almost impossible to 
afford any efTectne relief consequentl> weight loss was very marked 
Dunng the last week of bfe typical carpopedal spasm was obserxed A 
penod of stupor of about two day's duration preceded death 

Clinical Diagnosisj Malignant hypertension cardiac hvpertrophy 
Case S 69473 J A \V male aged 24, bookkeeper was first seen 
July 17 1928 at w hich time his chief complaints were headaches penodic 
in nature, occasionally accompanied by nausea and vomiting slight sxvelhng 
of both ankles spots before the eyes and noctuna two or three umea a 
night 
33 
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Histon^ re\ ealed a se\ ere scarlet fe\ er four years pre\ lous, se^ eral attacks 
of acute tonsillitis, appendectomy in 1918 and tonsillectomy in 1922 

A penod of hospitalization at this bme resulted in the folloning findings 
albuminuric retinitis, slight cardiac enlargement, slight edema of both 
ankles, systolic blood pressure vaned between 232 and 190 and diastolic 
vaned from 160 to 120 Modified Mosenthal test showed a practically 
fixed specific graMty at a loiv level Vanations in dav specimens were 
between 1 010 and 1 014 The night quantity from 8PM to 8 A M 
shoived a \olume of 995 cc and a speafic gra\aty of 1 010 Unne analysis 
showed a trace of protein and numerous hyaline and finely granular casts, 
a few' erythrocytes and a few leucocytes 

On August 16, 1928, approximately a month after first examination, after 
a very severe headache, patient w’as taken wnth convulsions and for three 
days remained in a stuporous state Blood pressure w'as 200 svstolic, 120 
diastolic at this time W ith usual therapeutic measures, including \eni- 
section, he gradually improved and was able to lea\e the hospital in three 
w'eeks During this time the highest blood urea nitrogen obsen'ed was 28 5 
mgm and creatinine, 4 1 mgm Phenolsulphonphthalan excretion was 
32 per cent in tw'O hours 

The final aad-base study, made October "24, 1928, was just tw'o dajs 
before death Patient became progressively weaker and died October 26, 
1928, in coma 

Clinical Diagnosis Chronic glomerular nephntis, cardiac hypertrophj, 
slight 

Case 3 73628 J H , female, aged 58, housewife, complained of an 

illness of five years’ duration, characterized by throbbing in the head, 
shortness of breath, noctuna, headaches and progressu e w'eight loss 
Penods of dyspnea at night of considerable seventy w'ould occur, accom- 
panied by pain in the precordial region and in both shoulders and back 
Blood pressure vaned between 220 and 166 systolic and between 120 and 
140 diastolic This patient was under obser\ ation for about tw'o years 
Dunng the early part of this penod there was slight swelling of the ankles 
on numerous occasions About one month before death a generalized edema 
del eloped w'hich continued to grow worse until death The unne constantly 
showed a trace to a moderate amount of protein with numerous hyaline 
and granular casts and was alw'ay's of a low' specific granty, between 1 008 
and 1 012 on numerous examinations There w'as a progressu e anemia 
as eMdenced by oxygen capaaty studies of the blood, which laned from 15 
■volumes per cent at the beginning of the study down to 9 4 volumes per 
cent at the time of the last analysis Electrocardiographic study of the 
heart revealed a partial bundle branch block Eye ground examination 
showed a marked degree of artenosclerotic change involving both fundi 
A period of coma of fiv'e days’ duration preceded death 

Clinical Diagnosis Hypertension with evidence of kidney insufficiency, 
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t,eneraliied artenosclercwis, partial bundle branch heart bloch, cardiac 
hj pertrophj 

Carr 4 8SS80 M H female, white aged 46 housevnfe Preaent 

illness was of more than fire years duration dunng which main symptoms 
ha\e been seiere and frequent headaches frequency of unnation day and 
night and waght loss Just before entenng hospital she lapsed into a 
state of coma 

Physical examination revealed a well de\ eloped but poorly nounshed 
woman in a state of coma, exhibiting Cheyne Stokes respiration Positiie 
findings were cardiac enlargement to left antenor axillary line, systohe 
murmur audible oier entire precordium, pulse rate 100 and regular liter 
palpable three fingers breadth below costal margin and slight edema of 
both ankles Palpable artenes were sclerotic Blood pressure ranged 
betnoen 270 and 228 systolic and 160 to 150 diastolic. Eye grounds showed 
marked sclerosis of rebnal tessels Blood nonprotein nitrogen was 30 4 
and 31 8 Unne showed a moderate amount of protein a few leucocytes 
and occasional hyaline and granular casts The last obsen'ation reported 
in Table I was just two weeks before death occurred When the blood 
samples were taken signs of cardiac failure were not present to an appreaable 
degree. 

Final Pathological Diagnosis Artenolosclerosis of spleen, pancreas 
adrenals and kidneys marked artenolosclerotic atrophy of kidneys with 
multiple small anemic and hemorrhagic infarcbons hypertrophy and 
dilatation of heart very marked mulbplc small anemic infarcbons of 
myocardium mulUple mural thrombi of both tentncles and nght auricle 
multiple hemorrhagic infarctions of both lungs acute interstitial pancreatitis 
with discrete areas of necrosis slight chronic passive congesUon of liver, 
spleen and small intesbne senile emphysema of lungs, very marked 
intense congesUon of tngone and first porbon of urethra with submucous 
hemorrhages thrombosis of oimnan lefns emaaabon senile atrophy of 
Ovanes anthracosis of lungs slight moderate indmal fatty infiltrabon of 
the aorta and coronary artenes mild healed aorUc endocardibs dii'erucula 
of bladder two in number a small caiernous angioma of liter shght 
melanosis coli 

Core 5 74650 A. K female, white aged 77 housewife Main 

complaints were headaches shortness of breath dizziness frequency of 
unnabon day and night, and pain in substemal region Physical examina 
bon reiealed an undemounshed elderly woman, many canous teeth, 
moderate cardiac enlargement, marked scleroais of all accessible artenes, 
and a blood pressure which \aned between 225 and 170 systolic and 100 to 
130 diastolic Unne analysis reiealed a trace of protein, and on a few 
occasions a posibve sugar Blood urea mtrogen was never observed abote 
16 1 mgm per 100 cc Blood sugar values were moderately elei-ated dunng 
latter part of illness the highest value observed being 273 mgm Flectro 
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cardiographic study showed evidence of myocardial involvement and left 
ventricular preponderance Before death a marked degree of edema de- 
veloped 

Final Pathological Diagnosis Bronchopneumonia, slight, edema and 
congestion of lungs, diffuse hemorrhagic infarctions of lower lobe of right 
lung, with embolism of the corresponding artery, slight hyperplasia of 
splenic pulp, hydrothorax, bilateral, hj'pertrophy and dilatation of left 
ventncle, moderate arteriosclerosis of coronary arteries, recent anemic 
infarctions of papillary muscle of left \entricle, severe artenosclerosis of 
aorta, especially at the lumbar portion, marked arteriosclerosis of aortic 
branches, espeaally of the iliacs, angiosclerosis of kidneys, slight, angio- 
sclerosis of pancreas, marked, chronic interstitial pancreatitis, moderate, 
with old focal fat necrosis, edema of right hand, right leg, and external 
genitalia, anemia, emaaation, old firm adhesion of omentum to left Fallopian 
tube, old adhesions about gallbladder, adenoma of nght adrenal, senile 
emphysema of lungs, senile atrophy of liver, spleen, adrenals, internal 
genitalia, and breast Nodular hyperplasia of splenic pulp and marked 
angiosclerosis of spleen 

Case 6 8O44O S 0 , female, aged 66, white, housewife Present 

illness of seven years' duration, the mam symptoms being headaches, 
dyspnea, palpitation, dizziness and nocturia Physical examination showed 
a moderately obese female, with moderate cardiac enlargement, and no 
demonstrable edema Blood pressure varied dunng 40 days’ observation 
from 220 to 190 systolic and from 128 to 104 diastolic Eye grounds showed 
arteriosclerotic retinitis Leucocytes, 8800, hemoglobin, 85 per cent, 
phthalein test, 10 per cent the first hour and 25 per cent the second hour 
Vanations in speafic graiity of 2 hour day speamens of unne were from 
1 004 to 1 008 Volume of unne, 8 00 P M to 8 00 A M , was 1005 cc 
with a specific gravity of 1 018 Blood chemical studies failed to show 
any degree of nitrogen retention Subject is still living 

Clinical Diagnosis Hypertension with evidence of kidney insufficiency, 
cardiac hypertrophy 

Case 7 764U L D , female, aged 56, white, housewife Present 

illness was of one year’s duration, onset occurred with numbness and loss 
of function of left side of body, which recovered vath bed rest A similar 
acadent occurred one year later Headache, dizziness and nocturia ivere 
constantly expenenced throughout illness Blood pressure was systolic 198, 
diastolic 106 Unnalysis showed no protein, but an occasional hyaline cast 
Blood count red blood cells, 4,270,000, leucocytes, 7400, hemoglobin, 78 
per cent Blood chemistry blood sugar, 91 mgm , and urea nitrogen, 119 
mgm Patient is still hung 

Clinical Diagnosis Cerebral hemorrhage, generalized artenosclerosis, 
hypertension 

Case 8 E B , female, aged 53, white, housewife Illness was of five 
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>ears duration charactenzcd by headaches constipauon, dizaneas tingling 
of fingers and toes noctuna and for the last > ear failing vision 

Chief physical findings were obesitj, edema beneath both eyes moderate 
cardiac enlargement, blood pressure systolic 250, diastobc 140 Unne 
showed trace of protein, hyaline and granular casts PaUent refused to 
enter hospital for more detailed study consequently complete findings are 
not a\ allable 

Clinical Diagnosis Hypertension malignant, cardiac hypertrophy 
Case 9 K USB T H female aged 60, white, housewife Present 
illness was of four years duration during which time three mild apoplectic 
strokes occurred Numbness and tingling of fingers and toes noctuna 
and occasional headaches with \ ertigo ha\ e been experienced 

Physical examination revealed a slightly undernounshed white female 
There was slight left faaal asymmetry with paralysis of whole left side of 
body Heart was moderately enlarged to the left mth accentuated aortic 
second sound Accessible vessels were markedly sclerotic Eye grounds 
examination showed artenosclerotic retinitis Blood pressure vaned from 
230 to 180 systolic and 130 to 95 diastolic Red blood cells 4 300 000 
leucocytes 8200 hemoglobin 80 per cent. Unne showed a trace of 
protein hyaline and granular casts Blood Wassermann was negative 
Spinal fluid cell count, 4 per c.nim globulin negative Blood urea mtro 
gen 12 4 and 13 4 mgm per 100 cc. on two examinations 
Chmeal Diagnosis Artenosclerosis general, hypertension cerebral 
hemorrhage. 

Cass to SSSSS C D , female aged 61 white, housewife Present 
illness was of about ten years duration charactenzcd by headaches dizzi 
ness and noctuna Bed rest on a number of occasions for varying penods 
resulted in subjective improvement Salient features of physical examina 
tion were obesity slight cardiac enlargement, obese and pendulous abdomen 
no edema moderate cardiac enlargement Blood pressure vaned from 186 
to 256 systolic and 110 to 160 diastobc. Red blood cells 4 540 000 leuco 
cytes 8100 hemoglobin 90 per cent Mosenthal test showed a fixation 
of speafie gravity at a low lev el the eatest venation being between 1 005 
and 1 012 Night volume was His cc. with specific gravitv 1 007 Eye 
grounds showed artenosclerotic remits Unnalysis revealed protein in 
moderate amount hyaline and grai ularcasts 
Clinical Diagnosis Malignant hypertension with evidence of kidney 
insufliaency cardiac hy pertrophv 

Case It 77ltO J S male, aged 63 white Onset of present illness 
was marked by a paralytic stroke involving left side of body one year ago 
w ith recov ery There had been aw elling of feet and ankles and dvspnea for 
one year A second stroke involving left hide occurred four months ago 
A third stroke^afTecting the left side of the body and the speech center led 
to present hospitalization 
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Physical examination showed fixation of nght pupil, left side of mouth 
droops, cardiac enlargement, liver not palpable, pitting edema of both legs, 
knee jerks hyperactive Blood pressure systolic 210, diastolic 130 Leuco- 
cytes, 5850, hemoglobin, 70 per cent Urine acid, trace of protein, no casts 
W'assermann, negative Blood urea nitrogen, 20 mgm per 100 cc , blood 
glucose, 100 mem per 100 cc 

Clinical Diagnosis Diffuse hyperplastic artenosclerosis, cardiac hyper- 
trophy, nght cerebral hemorrhage 

Case IS 8S884 M C , female, aged 48, white, housewife Complaint 
was of ten years’ duration, characterized by headaches, dizziness and 
nocturia Past history included numerous infected teeth and acute ap- 
pendiabs, which was followed by fecal fistula which later healed Physical 
examination showed marked obesity, no demonstrable cardiac enlargement, 
soft systolic murmur over aortic area Blood pressure vaned during three 
day penod of observation from 230 to 186 systolic and from 130 to 90 dia- 
stolic Eye grounds showed sclerosis of retinal vessels 

Blood urea nitrogen vaned from 25 7 mgm on admission to 67 5 before 
death Blood sugar vaned between 113 and 170 mgm , unc acid from 4 4 to 
7 4, nonprotein nitrogen from 50 to 132, and creatinine from 6 2 to 11 3 mgm 
Red blood cells, 4,800,000, leucocytes, 8000, hemoglobin, 90 per cent 
Unnalysis showed trace of protein and a few hyaline casts Death occurred 
in a state of uremia rvith a complicating hypostatic pneumonia 

Clinical Diagnosis Hypertension with evidence of kidney insuffiaency, 
uremia and hypostatic pneumonia 
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INTRODUCTION 

Since Claude Bernard (1) first noted the disappearance of sugar 
from drawn blood in 1856 this phenomenon has been the subject of 
much interest and invesfagation Following the discovery of insulm, 
studies on glycolysis itere made with renewed interest m the hope that 
expenments in vitro might shed some light upon the r61e of insulin in 
carbohydrate metabolism The rate of disappearance of sugar from 
blood in vitro and the rate of glycolysis are commonly considered to be 
synonymous, a custom which will be followed in this discussion The 
accumulated data on glycolysis show a very sinking lack of uniformity 
The purpose of this report is to present a senes of observaDons on 
glycolysis and to discuss some of the pnnapal factors influencing the 
rate and the amount of sugar glycolyzed 

METHOD 

Pabents in the University Hospital served as subjects for the follow- 
ing experiments They Mere unselected except that no pabent with 
an abnormally high nonprotein nitrogen content of the blood was used 
From each pabent 10 cc. of blood was drawn two or two and one half 
hours after a meal This blood with the excepbon of one half cc. 
for the determmation of the inibal sugar content, was transferred 
immediately to a sterile 50 cc Erlenmeyer flask containing a bent 
paper clip The flask was loosely stoppered with sterile cotton, 
shaken for fifteen minutes to defibnnate the blood and incubated in a 
moist chamber at 37° C The blood was well shaken before and after 
each of the sugar determinations, uhich Mere made at tuo hour inter- 
vals according to the method of Gibson, Mitchell and Larimer (2) 
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TABLE I 


Tolal sugar glycolysed in a senes of bloods 


Case 

Diagnosis 

Sex 

Age 

2 

Total Bug 

4 

ar gl> coly 

6 

zed Houi 

8 

5 

10 





mgm 

mgm 

tngm 

mgm 

mgm 




Q 

per 

per 

per 

per 

per 





100 u 

100 cc 

100 cc 

100 cc. 

100 cc 

1 

Myelogenous leukemia 

M 

59 

98 

128* 




2 

Myelogenous leukemia 

M 

48 

94 

158* 




3 

Diabetes melhtus 

M 

50 

93 

103 

166 

179 

223* 

4 

Myelogenous leukemia 

F 

59 

87 

118* 




5 

Myelogenous leukemia 

F 

41 

81 

148 

186* 



6 

Congenital heart disease 

M 

30 

80 

112* 




7 

Diabetes melhtus 

M 

49 

75 

143 

215 


242 

8 

Chronic endocarditis, cardiac 









decompensation, osteoar- 









thritis 


57 

71 

108 

132* 



9 

Multiple fractures, empyema 

M 

56 

69 

129 

149* 



10 

Gastric neurosis 

M 

51 

68 

100 

128* 



11 

Malignant lymphomata. 









Hodgkins type 

F 

20 

67 

128* 




12 

Arteriosclerosis, hypertrophy 









of prostate 

M 

57 

63 

119 

162* 



13 

Banti’s disease, parotitis epi- 









demic 

F 

22 

63 

110* 




14 

Septicopyemia 

F 

27 

57 

97 

136* 



15 

Arsenical hepiatitis 

M 

30 

53 

93 

133 



16 

Hystena 

F 

26 

53 

76 

103* 



17 

Chronic myocarditis, hyper- 









tension 

M 

47 

50 

90 

143 



18 

Mixed tumor of parotid gland 









ith generalized metast£ises 

M 

18 

50 

99 

133 



19 

Psychoneurosis 

M 

39 

50 

100 

140 

175* 


20 

Pulmonary tuberculosis, tu- 









bercular peritonitis 

M 

31 

50 

103 




21 

Mitral stenosis 

M 

43 

49 

87 

117* 



22 

Arsenical hepatitis 

M 

23 

48 

95 

130* 



23 

Peptic ulcer 

F 

30 

48 

83 

127* 



24 

Diabetes melhtus 

M 

27 

47 

86 

127* 



25 

Pernicious anemia 

F 

45 

47 

77 

110* 



26 

Chronic progressive vascular 









nephritis, chronic uremia 

M 

60 

46 

91 




27 

Elxophthalmic goiter 

F 

41 

44 

82 

121* 



28 

Diabetes melhtus, adenoma of 









thjToid 

M 

54 

44 

96 
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table I — Conhnued 






Total auiai iJyccAiiedi Houia 


Dbgnotia 

Sex . 








3 

4 

6 

8 

10 







Mfm 

nr* 

mpn 

nin. 

nen 




X 

.S^cc. 



100 rt. 


29 

S>‘phihtJC aortitis aortic m 









6uff\c\cncy 

M 

62 

44 

98 

140* 



30 

Chrome myocarditis chronic 









rheumatic endocarditta la 
tent •j'phdis 

F 

34 

43 

72 

96* 


1 

31 

Chronic cholecystitis 

M 

30 

43 

87 

120* 



32 

Bronchopneumonia 

M 

5j 

42 

82 

120* 



33 

Artenoscleroaifl gangrene of 



1 



1 ' 



toe 

M 

,50 

1 « 

83 


149* 


34 

Cardiac decompensation 

M 

61 

42 

102 

132* 



35 

MaJignant l> mphoraata 









1 HodgUns type 

IM 

|43 

41 

69 

100* 



36 

Pemiaous anemia 

F 

59 

40 

74 

93 

149* 


37 

1 Diabetes melUtus 

M 

15 

36 

128 

172 

232 


38 

1 Chronic rheumatic endocardi 









tis 

M 

58 1 

36 

72 


129* 


39 

Chronic interstitial nephntis 1 

M 

42 1 

35 

77 

146 

164 

203* 

40 1 

Tuberculosis ' 

Ml 

53 

35 

63 

105* 



41 

ArtenosclerosiS 

M 

71 

34 

71 

97 

145* 


42 

\'l8ceroptosi8 

M 

24 

34 

94 

114 



43 1 

PemiciouB anemia ' 

m' 

68 

34 j 

82* 1 




44 

Lymphocytic leukemia 

M 

20 

34 

57 

95* 



45 ' 

Cardiospasm 

M 

59 

33 1 

78 

1 



46 

Hj-pertension cardiac decom 









pensation 

M 

64 

33 

58 

90* 



47 

Catarrhal jaundice 

M 

39 

33 

80 

114* 



48 

Subacute nephritis 

M 

34 

32 

66 

119 

175* 


49 

Cardiac decompensation 

M 

43 

32 

89 

148 

172* 


50 

Diabetes melhtUB gangrene of 









toe 

M 

57 

31 

72 

107 

175 

252 

51 

Multiple IciomjTjmata of 









uterus 

F 

28 

31 

78 

115* 



52 

Chronic hypertrophic arthn 









tis 

M 

42 

30 

64 

93* 



53 

fs^choneurosu 

F 

37 

29 

83 

131* 



54 

Pleunsj VI ith effusion 

M 

24 

28 

54 




55 

Arteriosclerosis 

M 

68 

28 

60 

108* 



56 

\ngina pectoris cardiac de- 







_ 

compensation 


71 

27 

66 



172* 
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TABLE I — Continued 


Case 

Diagnosis 

Sea 

Age 

2 

Total sug 

4 

ar glycolj 

6 

zed Houi 

8 

s 

10 





mgm 

mgm 

mgm 

mgm 

mgm 






per 

per 

per 

per 




rS 

100 cc 

100 u 

100 cc 

lOOcc 

100 cc 

57 

Arsenical hepatitis 

M 

39 

26 

60 




58 

Carcinoma of stomach 

M 

61 

26 

76 




59 

Senile cataract 

F 

63 

25 

46 

80 



60 

Diabetes mellitus 

F 

60 

24 

70 

94 

118 

165 

61 

Chronic myocarditis, hyper- 









tension 

M 

47 

24 

76 




62 

Senile cataract 

F 

74 

24 

57 

68 

102* 


63 

Choroiditis 

F 

65 

24 

65 

84 

126* 


64 

Lymphocytic leukemia 

F 

24 

23 

64 




65 

Pulmonary tuberculosis, tu- 









bercular peritonitis 

M 

31 

23 

54 




66 

Lymphocytic leukemia 

M 

20 

23 

64 

126* 



67 

Polycythemia vera 

M 

44 

22 

62 




68 

Syphilis 

M 

63 

22 

44 

65* 



69 

Myelogenous leukemia 

F 

66 

22 

79 




70 

Senile cataract 

M 

70 

21 

71 

95 

129* 


71 

Pernicious anemia 

F 

27 

21 

42 




72 

Pernicious anemia 

M 

68 

21 

71 




73 

Gangrene toe 

M 

50 

20 

64 


117* 


74 

Gangrenous appendix, pelvic 









abscess 

M 

47 

20 

85 

126* 



75 

'Latent syphilis, peptic ulcer 

M 

32 

18 

63 




76 

Diabetes mellitus 

M 

34 

18 

60 

113 

138 

170 

77 

Adenoma of thyroid 

F 

32 

18 

85 


138* 


78 

Chronic appendicitis 

F 

25 

16 

43 

75 

107 

138* 

79 

Cardiac decompensation 

M 

43 

15 

47 

101 

140* 


80 

Diabetes mellitus, cardiac de 









compensation, chronic mvo- 









carditis 

M 

43 

11 

61 


128* 



* Initial blood sugar the blood was completely glycolyzed when analyzed at the 


end of this jjenod 

Stained smears were made from each specimen of the blood at the end 
of each experiment, and m no case were microorganisms found Com- 
plete blood counts were obtained on the day of the study 

RESULTS AND DISCUSSION 

The rates of glycolysis in 80 specimens of blood from patients tnth 
widely different diseases are recorded in Table I It will be observed 
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that the amount of sugar glycolyzed during a two hour penod of 
observation varied from 11 mgm to 98 mgm per 100 cc of blood 
The vanation in the glycolytic activity of different bloods is more 
evident m this table than in previously reported data There are 
instances notably those reported by Falcon Leases (3) and by Schmitz 
and Glover (4), in which a large amount of sugar was glycolyzed 
Lilcev ise there are observations in which the rate of glvcolysis was very 
low (Birchard (5), White and Watson (6), John (7), and Lemann and 
Liles (8)) There is m this studv no correlation of the age or sex of the 
pabent and the rate of glycolysis 

An exaimnation of the methods used will do much to explam the 
vanabon in results obtained by different mveshgators The most 
important cause for the diversified results in glycolybc studies has 
been the use of anbcoagulants BOrger (9) has demonstrated that 
the addition of atrate or oxalate affects the rate of glycolysis Data 
obtained in this laboratory showed further that the glycolytic power 
of blood IS retarded m proporbon to the concentration of atrate or 
oxalate Fluoride arrests glycolysis, as has been demonstrated by 
Major (10), and by Dickens and Simer (11) Hence all data obtained 
with blood to which oxalate atrate or fluonde has been added cannot 
be compared with results obtained without the use-of these anbcoagu 
lants Defibrination or hepannizabon of blood does not affect the 
rate of glycolysis (3) (4) (12) 

Of other extnnsic factors which might influence the rate of glycolj^is, 
temperature is of great importance Claude Bernard (1) employed 
a temperature of 15° C , Lemann and Liles (8) kept thar speamens of 
blood between 9° and 11° C , Denis and Gfles (13), Maunac (14), 
and Stammers (IS) all used “room temperature” Thalhimer and 
Perry (16), Cajon and Crouter (17) Katayama (18), Negelan (19) 
and Mackenzie (20) used a temperature of 37-38° C BOrger (9) 
demonstrated that the opbmum temperature for glycolysis was 37° C 
an observabon which has been confirmed m this laboratory It is to 
be regretted that the data on the rate of glycolysis given by different 
mvesbgators often cannot be compared because standard temperature 
condibons were not maintained 

The influence of the inibal sugar concentrabon on the rate of gly- 
col>sis has been the subject of much discussion Some inxesbgators 
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(5) (7) (8) (21) have taken as the rate of glycolysis the percentage of 
the initial sugar content which is glycolyzed in tivo hours This is 
arbitrary and illogical since the absolute rate of glycolysis does not 
appear to be dependent upon the initial sugar concentration In the 
author’s blood specimens the initial sugar content varied from 65 
mgm per 100 cc (Case 68) to 1084 mgm per 100 cc (Case 37), but 
the absolute rate of glycolysis m the blood of the latter patient with its 
excessive amount of sugar was w'-eli within the limits of normal for this 
senes Further, it w^as obseiw'^ed (Table II) that the rate of glycolysis 

TABLE II 


Glycolysis of excessively high blood sugar 
{Case H M) 


Hours 

Blood sugar 

Sugar gls-colyzed 


mgm per 100 cc 

msm per 100 u 

0 

800 

0 

20 

725 

75 

40 

655 

145 

60 

585 

215 

10 0 

558 

242 

18 5 

455 

345 

23 0 

312 

488 

41 5 

120 

680 

65 5 

45 

755 

72 0 

0 

800 


continues to be about the same for six hours, even though the concen- 
tration of sugar IS decrecising steadily The decrease in the rate of 
glycolysis w^hich occurs after six hours is probably due to mechanical 
and chemical damage to the blood cells Cajon and Crouter (17) 
and Macleod (22) have demonstrated that exogenous glucose is gly- 
colyzed at the same rate as endogenous blood sugar This fact has 
been confirmed repeatedly m this laboratory As additional proof 
of the lack of influence of the initial blood sugar content on the rate 
of glycolysis Table III is inserted to call attention to the glycolytic 
rate of the blood of a patient with diabetes mellitus both before and 
dunng management by diet and insulin 

The effect of insulin on the rate of glycolysis is also of interest 
Three cases are presented (Table to demonstrate the effect of 
insulin In these cases, blood was withdrawm from the vein of one 
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TABLE in 

Glycolysis before and during diabetic management 
^ {CaseD F B) 



Before dbbctlc mamcooeot 

1 Darina dtabrtic management 


Blood tttcar 

8ucair cly^sJyied 

Blood lagai 

1 Sacar glycolyxcd 


1 wtnc ffT 100 cc 

•«**■ Per too cc 

xfi* per too cc. 

mjm per tOO cc- 

0 

372 

0 

277 

0 

2 

341 

31 

239 

38 

4 

300 

72 

198 

79 

6 

265 1 

107 

140 

137 

8 

197 

17S 

118 

159 

10 ' 

120 ' 

252 

73 

204 

12 

102 

270 

34 

243 

14 

67 

305 

1 



arm and without removing the needle insulin was injected directly 
into the vein After three minutes blood was withdrawn from the 
vein of the other arm Glycolysis was allowed to proceed m the usual 
nay It will be observed that the rates of glycolysis are parallel and 
that there is no indication of an increased glycolytic rate due to the 
direct action of insulin when it is added to the blood in this manner 
These results are in accord with the work of Eadie Macleod and Noble 
(23) who found no evidence of a modified glycolytic rate m the blood 
of dogs drawn before and after the subcutaneous administration of 
insulin Raab (24), Bierry, Rathery and Kounlsky (25), Ducceschi 
(26), Hepburn and Latchford (27), and Lemann and Liles (8) noted 
no change in the amount of glycolysis after insulin Maunac and 
Aubertm (28) concluded that insulin acts without changing the 
glycolybc power of the tissues The authors' results do not support 
the work of Achard (29), who maintained that insplin acts by decreasing 
hyperglycemia and increasing the rate of glycolysis, nor of Thalhimer 
and Perry (16), who stated that the amount of glycolysis vanes directly 
with the administration of insulin 

Under standard conditions of technique there are marked vanations 
in the rate of glycolysis as is evident from a study of Table I TTie 
plasma is the onl> blood element which is incapable of displaying any 
glycolytic activity if incubated under stenle condioons for several 
days. Its ongmal sugar content remains unchanged Plasma is not 
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essentml as a earner of glucose for the cells the author has shoum 
that T>T0de s solution maj be subsUtuted for it without affecting the 
glycolytic rate, and Kauashima (30) has substituted physiological 
salt solution and Lockes solution with equal success Rona and 
Dobhn (31) and von Noorden (32) attributed some glycolytic power 
to blood serum but it is conceded by Irving (12) Milne and Peters 
(33) and Macleod (22) that neither blood serum nor plasma is able to 
glycolyze any of the sugar which they contain 

The ervthrocytes are the cause for the disappearance of much of 
the sugar in vitro Bloods containing large numbers of erythrocytes 
glycolyze sugar more rapidly than bloods containing fewer red blood 
corpuscles other thmgs being equal The results of a typical observa- 
tion of the rate of glycolysis in a normal blood and in the same blood 
when the cellular elements are diluted with its own serum are pre- 
sented in Table V In Table VI the glycolytic rates of anemic bloods 

TABLE \ 


Effect of dilulmg biood on glycoiytu 
(CauH B) 



V\*h(rfe blood 46 per cent 
coTpatcIet 54 pw cent plainu 

Modified blood JOpvrcrst 
corpo*clo« 70 per cent iJaftoa 

“ilodJfied” blood 25 percent 
corputdes 77 percent plasma 

llottn 

' Blood 

• Ug&T 


Blood 

«U3ar 

£lycol>'ied 

wbm 

Suxar 

tlywyted 


mftm 

iOO ec 


tngm ftr 

jOOcc 

i»»t« pfr 

lOOcf 



0 

155 

0 1 

159 1 

0 ' 



2 

123 

33 


29 



4 

77 

78 

96 

63 




TABLE n 


Effect of eoTtcenlraifrtg anemte blood on glycolym ^ 
(Cm B a ) 


Houn 

Whole blood 21 per cent CQfpa*de» 

79 per cent piaro* 

1 1 

“Modified blood 59 per cent corputde* 

1 61 per cent plaima 


Bickod tutor 

Sugar tl>-coly»ed 

Blood aucor 

Socar tlrcdrwd 

0 

W|« per 100 ce I 

136 

wtM per too et 

0 

mim per JOO cc 
132 

ntfii* per too cc 

0 

2 

115 

21 

8S 

44 

4 

94 

42 

51 

SI 
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are compared with the rates observed in the same speamens after 
removal of enough serum to bring the cellular concentration ap- 
proximately to normal These expenments confirm Harrop’s (34) 
demonstration that the erythrocytes have glycolytic power, and 
indicate that their concentration is important These results are in 
accord with those reported by Kawashima (30) and by Doyon and 
Morel (35) Falcon-Lesses (3) and Cook and Somogyi (36) reached a 
similar conclusion after studies of the glycolytic rate in erythremia 
Not only is the concentration of erythrocytes a factor in glycolysis, 
but the nature of the red blood corpuscles is important It has been 
demonstrated (37) that in diseases of the hematopoietic system 
charactenzed by great bone marrow activity and the releasing into 
the blood stream of great numbers of young and even immature red 
blood corpuscles there is a marked increase m the amount of sugar 
glycolyzed In this connection it is interesting to note that Harrop 
(34), Morawitz (38) and Derra (39) have reported the increased use 
of oxygen by immature erythrocytes No attempt was made in this 
study to correlate the rate of glycolysis and the oxygen consumption 
but, in view of the conclusions drawn by Glover, Daland and Schmitz 
(40) regarding the oxygen utilization and glycolytic rate of normal 
and leukemic leucocytes, such a study is desirable 

Of importance, also, in the study of glycolysis is the glycolytic power 
of the leukocytes Although they exist in blood in relatively small 
numbers, they have a high glycolytic power, as may be demonstrated 
by the increased rate of disappearance of sugar accompanving slight 
leukocytosis Table I shows the high glycolytic rate characteristic 
of leukemia This observation has also been made by Glover, Daland 
and Schmitz (40), Falcon-Lesses (3), and Lepine and Boulud (41) 
However, as pointed out by Burger (9), Falcon-Lesses (3) and Schmitz 
and Glover (4) in their observations of chronic myelogenous leukemia 
and lymphatic leukemia, the amount of sugar glycolyzed is not neces- 
sarily m proportion to the total number of leucocytes present This 
suggests that the vanous types of leucocytes have different glycolytic 
abilities, and that it is the young leucocytes (particularly the cells 
of the myelocytic series) which possess the greatest glycolytic power 
This IS revealed very clearly m Table I and has been emphasized by all 
investigators studying glycolysis in leukemic bloods Lymphocytes, 
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on the other hand, possess a loner gljcolytic activity, as is demon 
strated by the fact that the blood m lymphatic leukemia utilizes much 
less sugar per unit of time, although the number of white blood cells 
may be as great as m myeloid leukemia Maunac (42) Burger (9), 
Macleod (43) and the author have shown that polymorphonuclear 
leucocytes are endowed nith a much greater glycolytic power than 
mononuclear leucocytes 

It may be postulated that the endothelial cells have glycolytic 
ability, but these cells occur m the blood in such small numbers that 
they can be of very little importance in the utilization of sugar Blood 
platelets which Warburg (44) states have a measurable oxygen con- 
sumption can scarcely be much of a factor in glycolysis, especially 
if they are effectively removed with the fibrin during defibrination as 
Harrop (34) believes 


SOMMARt AND CONCLUSIONS 

1 A Study of the rate of glycolysis in bloods from 80 different 
patients with widely different diseases is presented 

2 There is no correlation of the age or sex of the patients and the 
rate of glycolysis 

3 TTie glycolytic rate is markedly influenced by temperature 
Glycolytic studies should be performed at 37° C — the optimum 
temperature for the disappearance of sugar from blood in vitro. 

4 Citrates and oxalates, when used as anticoagulants, retard gly- 
colysis in draiVn blood in proportion to the amount m which they have 
been added 

Fluondes arrest glycolysis 

DefibnnaPon or hepannization does not interfere with the rate of 
glycolysis, and blood so treated should be used for glycolytic studies 

5 The rate of glycolysis bears no relationship to the initial glucose., 
content of the blood 

6 Glycolysis in vitro is not affected by insulin 

7 Both erythrocytes and leucocytes are responsible for the gly 
colvtic power of blood, and their number, type age, and physiological 
integrity are important factors 

8 Glycolysis is a complex process involving certain variables which 
must be controlled if the results arc to be correct 

34 
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THE EFPECT OF INSULIN HYPOGLYCEMIA ON 
THE CIRCULATION* 

By a CARLTON ERNSTENE and MARK D ALTSCHULE 
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Several observers have directed attention to the tact that insulin 
hypoglycemia may preapitate symptoms and signs ol senous disturb- 
ance in the cardiovascular system Gigon (1), in 1923 reported that 
a pabent with diabetes mellitua had died from myocardial failure after 
the third dose of insulin Reinnem (2) observed two patients with 
diabetes mellitus and arculatory insuffiaency in whom the admuustra 
tion of insulin caused a deaded mcrease m the degree of congestive 
failure Joslin (3) and Blotner (4) reported cases in which cardiac 
infarction developed shortly after the administration of insulin, and 
von Noorden and Isaac (5) observed several patients ivith coronary 
artery disease in whom insulm hypoglycemia apparently was the cause 
of death Several instances have been recorded in which insulin 
hypoglycemia preapitated typical attacks of angina pectons (6 7 8) 
Further evidence of altered cardiac physiology dunng insulm hypo- 
gl>cemia is afforded by the electrocardiographic studies of Middleton 
and Oatway (9) and others The changes observed consisted of 
diminished amplitude or mversion of the T wave 

Although the effect of insulin shock on the pulse rate and arterial 
blood pressure of man has been studied by several investigators (10, 
11, 12 13), but little attention has been paid to the effect of the 
hypoglycemic state on the minute v olume output of the hearL In the 
only reported measurements, Lauter and Baumann (13), using the 
ethyl iodide method of Henderson and Haggard (14), recorded an 
increased circulatory rmnute volume dunng hypoglycemia in five 

'This invesPgation was aided bj a grant from the DeLamar Mobile 
Research Fund of Harvard Universitj 
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TABLE n 

Protocol of a representative experiment 


Subjects Aet 16 Height 64 inches Weight 115 pounds 


Time 

Blood 

sugar 

■ 

Arterial 

Dresaure 

ntal 

capac 

Orsgen 
con 
sump- 
tion per 
minute 

Arteno 
venous 
ov> gen 
differ 
ence 

Circu 

latort 

minute 

\oIume 

Remarks 


mtm per 

per 

mm ffg 

CC 

cc 

roitimM 

liters 



100 cc 

mtn 




per cent 



7^5 

106 



2900 





7 40 


70 

114/78 






7 50 


72 

■ jKme 






8 00 


66 

I olw 






8 07 


68 

I SfnK 






8 15 


68 

104/74 






8 20 






60 

3 8 

Skin warm and moist 









No tremor No capil 
lary pulsation 

8 27 





225 




8 43 






60 

38 


8 46 








Insulin units 60 given 









subcutaneously 

8 50 


68 







9 00 


Id 

106/74 






9 10 


76 

106/72 




1 

Slight tremor 

9 20 


72 

112/78 





Hunger 

9 30 


80 

110/36 




1 

Slight dizziness and nerv- 


1 

1 

1 


j 


! 

ousness Pallor Defi- 
nite capillarj' pulsation 

9 35 

67 

80 

108/38 





Perspiring profusely 




1 





Pupils dilated Weak- 


1 







ness 

9 45 

1 




i 

53 

44 


9 49 





235 




9J8 


80 







10 04 









10 05 




2800 





10 09 

71 








10 10 








Orange juice 500 cc 


During hypoglycemia, the minute voluihe output of the heart in- 
creased m every subject, although occasionally not beyond the limits 
of error The increase averaged 29 per cent and vaned in different 
individuals from 3 per cent to 86 per cent No correlation between 
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the nse in circulatory minute volume and the fall in blood sugar level 
could be demonstrated The pulse pressure increased in all subjects, 
the average change being 29 mm of mercury Usually the systolic 
blood pressure rose, while the diastolic fell Capillary pulsation nas 
observed m 12 of 13 subjects examined for its presence. In 11 in 
stances there was a distinct nse in pulse rate, averaging 15 beats per 
minute Average values for pulse rate arterial pressure, pulse pres 
sure and arculatory minute volume before and during hypoglycemia 
are presented in Table III 

TABLE ni 

Areraie raltj« btfore and dnnni hypoglyttmia 



Polte mte 

Arterial 

pfcafUrt 

PvlK 1 

pTt»wir« ' 

ClrcoUtory 
minute volame 

1 

p€r 

Mm Hf 

MM Hf 

tilm 

Before tniulm 

68 

H4/74 

40 

3 56 

Dunng hypoglycemia 

78 

1 

128/59 

69 

4 58 

Percentage change 

-pis 

-fl2/-20 

+73 

+29 


In five individuals the vital capacity decreased b> 200 to 500 cc,, 
while in two it inweased by more than 100 cc 


DISCUSSION 

The results of the present investigation furnish a rational explanabon 
for the occurrence of cardiovascular disturbances dunng insulin hypo- 
glycemia They indicate that hypoglycemia usually is attended by 
an increase in the minute volume output of the heart, the pulse pressure 
and the ventricular rate These findings denote a considerable in 
crease in the amount of cardiac uork. In normal individuals the 
heart easily accomplishes this increased work In subjects with 
diminished myocardial reserve, however, the added work may give 
nse to conspicuous signs and symptoms of myocardial msufficiency 
In other indmduals attacks of angina pectons may be preapitated 
In connection with the chain of events whereby msulm hyjxigly 
cemia leads to the observed changes in the circulation, certain ob- 
servations on animals by Cannon, Mclver and Bliss (17) are of con 
siderable interest According to these investigators the symptoms 
and signs of insulin shock result from stimulation of the sympathetic 
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division of the autonomic nervous system In cats whose hearts had 
been denervated completely and m which one adrenal gland had been 
removed and the other denervated, the heart rate did not increase 
during hypoglycemia as it did m animals with denervated hearts but 
with intact adrenal glands Cannon, Mclver and Bliss, therefore, 
concluded that the increase in heart rate under these conditions results 
from a discharge of adrenine in response to stimulation of the sym- 
pathetic nerves to the adrenals 

Clinically, the changes m pulse rate, systolic and diastolic blood 
pressure and cardiac minute volume output that occur during insulin 
hypoglycemia are similar to those that follow subcutaneous adminis- 
tration of epinephnne (18, 19) Capillary pulsation also may appear 
in both conditions (12, 20) According to Boothby and Wilder (21), 
insulin has no direct effect on the metabolic rate They suggested 
that the increased metabolism recorded during hypoglycemia results 
from a spontaneous discharge of epinephnne These observations 
lend further support to the hypothesis that the circulatory changes 
observed dunng hypoglycemia in man result mainly from stimulation 
of the sympathetic system and increased discharge of adrenine 

The increased cardiac work inadent to hypoglycemia probably is of 
particular importance if hypoglycemia develops dunng the treatment 
of diabetic coma The observations of Foster (22) suggest that, in 
the presence of ketosis, the heart is less able than normally to accom- 
plish the work demanded of it He observed myocardial degeneration 
at necropsy in patients dying in diabetic coma The weakened heart 
action frequently observed clmically m diabetic coma is m harmony 
with these findings In the light of these observations it is not alto- 
gether surpnsing that patients may die from myocardial failure in 
spite of the fact that the manifestations of diabetic coma have been 
treated successfully with insulin (13) 

In bnef, not only is the heart called upon to perform more work in 
insulin hypoglycemia, but in certain subjects it is probably less'capable 
than normally of responding to these increased demands The results 
of the present investigation suggest that great care should be taken to 
avoid hypoglycemia in subjects with artenosclerosis, angina pectoris, 
or symptoms and signs of circulatory insufficiency, particularly when 
ketosis IS present Under such circumstances, hypoglycemia usually 
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can be avoided by giving smaller amounts of insulin at more frequent 
intenals, by repeated measurements of the blood sugar content and, 
when necessary by the administration of glucose 

suiniARt 

1 The effect of insulin hvpoglycemia on the pulse rate, artenal 
blood pressure minute volume output of the heart and \ntal capacity 
of the lungs was measured in sixteen normal non-diabetic individuals 

2 The pulse rate and pulse pressure increased during hypoglycemia 
the systolic blood pressure nsmg, while the diastolic fell 

3 The minute volume output of the heart increased during hypo- 
glycemia 

4 These observations indicate that insulin hypoglycemia is at 
tended by an increased amount of cardiac work 

5 This tncreased cardiac work furnishes a rational explanation for 
the clinical observation that, in subjects with diminished myocardial 
reserve hypoglycemia ma> result m the development of conspicuous 
signs and symptoms of myocardial failure It also serves to explain 
the occurrence of attacks of angina pectoris in certain individuals 
dunng hypoglycemia 

6 The results of the investigation suggest that great care should be 
taken to avoid hypoglycemia m subjects with arteriosclerosis, angina 
pectoris, or with symptoms and signs of circulatory msuffiaency,. 
particularly when ketosis is present 
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In this communicaDon we are reporting the first of a senes of 
metabolic studies m certain diseases m which there is an altered rate 
of oxygen consumption without a recognized disturbance in thyroid 
function We wish particularly to stress a correlation between oxygen 
consumption and protein metabolism Data obtained by a study of 
SIX patients with pemiaous anemia are presented and discussed 
Many metabolic studies have been made in pemiaous anemia 
Some of the factors which were most disturbing in the earlier work 
are now controllable We refer to the fact that remissions m the 
disease can be brought about rapidly and consistently by therapeuDe 
measures and such remissions can be recognized early by means of the 
reticulocyte crisis Our pnmary concern has been to determine and 
to explain, if possible, the venations in oxygen consumption dunng 
relapses, reticulocyte crises, and regenerative penods in pemiaous 
anemia 

REVIEW OF LITERATURE 

Obseiwations on the oxjgen consumption in patients with pemiaous 
anemia are quite numerous in the literature The earlier reports were for 
the most pair, only single basal metabolic rates which were normal or 
moderatelj increased Such obsenations were made by Meyer and DuBois 
(1) TompLins Bnttingham and Dnnker (2) Grafe (3) and Boothby and 
Sandiford (4) Meyer and DuBois suggested that the oxygen consumphon 
was increased in severe anemia Later some iniestigators made repeated 
examinations on the same patient and learned that the oxygen consumption 
usually decreased as the blood count increased Among these observers 
were Becker (5) Richards and Strauss (6), Alt (7), and Grassheim (8) 
Pre\iou6 to 1926 studies on mtrogen metabolism in pemiaous anemia 
529 
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gave conflicting results Some patients would show nitrogen retention and 
others nitrogen loss, and occasionally a shift from negati\e to positi\e nitro- 
gen balance would occur in a patient while under observation It was 
■demonstrated that the nitrogen balance was not necessarily dependent 
upon the hemoglobin content of the blood or the protein intake Studies 
w ere made before and after splenectomy and considerable effort was made 
to determine the proportion of nitrogen eliminated as urea and uric acid, 
but in many instances it is not possible now' to tell whether the disease was in 
a regenerating or a relapsing phase when these observations were made 
Gibson and Howard (9) obtained nitrogen retention by giving a diet (10) 
containing fiftj' grams of liver per diem Alt recently showed that the 



Case 1, L M , female, aged 46 years The total period of observation was 
103 days Determinations were made dailj for 34 daj s, once dunng the 
sixth week and tn- weekly thereafter except that the basal metabolic rate 
was not done on the fifth day and no observations were made between the 
eighty-sixth and ninety-eighth days Erythrocyte counts were made 
frequently The treatment consisted of 4 cc of dilute hydrochloric acid 
with each meal and three vnals of Lilly’s hv er extract daily, beginning after a 
control period of 9 days General hospital diet w as giv en for the first 36 
daxs and high calonc general diet for the succeeding 67 days The body 
w'eight increased from 53 0 kgm to 63 5 kgm Dunng the penod 57 deter- 
minations of the basal metabolic rate were made with duplicate gas analyses 
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nitrogen balance ehifts from a negame to a postti\e phase soon after treat 
ment mth liter extract is begun Howeter, one might nghtl> object to 
Alt B assumption that the stools contain one gram of nitrogen per diem 
(See data on Case 6) Ito doubt the earlied and tery careful metabolic 
studies jielded vanable results because the observers lacked the present 
methods for producing and recogniring remissions 

The water balance in pernicious anemia has been carefully studied by 
Meulengracht and his associates (11) who found that water is often re 
tamed dunng relapses and excreted normally during remissions It is their 
contenuon that the water retention is not due to low hemoglobin content 
of the blood nor renal insuffiaency but may be dependent upon the lowered 
colloid osmotic pressure of the plasma Alt found a decrease in unnary 



Case S^L D female aged 50 years The total period of observation 
was 103 days Determinations were made daily for 34 days once during 
the sixth week and tn weekly thereafter Frythrocyte counts were made 
frequently but not daily Treatment consisted of 4 cc of dilute hydrochlonc 
acid with each meal and of 45 cc. of Armour s li\ er extract daily after a 
control penod of 9 days General hospital diet was giyen for the first 36 
days and a high caloric general diet for the succeeding 67 day-s The body 
waight increased from 44 2 kgm to 56 2 kgm During the penod 61 
determinations of the basal metabolic rate were made 
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volume during the reticulocyte cnsis with an increased output later in the 
regenerative penod An accurate water balance is very difficult to obtain 
because the factors which ordinarily affect the imperceptible water loss are 
hard to control over long penods The amount of imperceptible w'ater loss 
is further disturbed if there be a changing basal ovygen consumption 

METHODS AND RESULTS 

Our first consideration was to determine as accurately as possible 
the daily variation in ovygen consumption before, dunng and after 
the reticulocyte cnses of induced remissions m pernicious anemia 



Chart 3 /• Case 3 

Case S, M M , female, aged 45 years Determinations were made daily 
for the first 28 days and tn-weekly thereafter except that the basal metabo ic 
rate was not done on the ninth day and erythrocyte counts were one 
penodically The total penod of observation was 50 days Treatment 
consisted of 2 cc of dilute hydrochlonc acid wuth each meal and 1 5 grain 
of luminal daily for the first 34 days The patient also received ° 

Armour’s liver extract daily after a control penod of three days n t e 
thirty -sixth day the dose of liver extract was doubled The diet xan 
considerably dunng the control penod because of nausea and some 
The body weight increased from 38 8 kgm to 43 0 kgm A tota o 
determinations of the basal metabolic rate was made 
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For this purpose six cases of typical and severe pemiaous anemia 
were selected In one patient the nitrogen balance was also deter- 
mined because this seemed to be of great importance in explaining the 
vanations m oxj’gen consumption 

The subjective and objective features upon which the diagnoses were 
based can be expressed most readily by means of the ten diagnostic 
points descnbed by Rohner (12) (1) Previous remissions, (2) paresthe 
sias (3) glossitis, (4) subacute combined sclerosis, (S) color index 
greater than unity, (6) erythrocytes bdow 2 S million, (7) leukopenia, 
(8) macrocytosis, (9) achlorhydna (10) positive Van den Bergh 



Case 4, L 1— female aged 69 >ear8 Determinabons were made daily 
lor 33 days and tri neeUy thereafter except that the basal metabolic rate 
Has not done on the fifth day and erythrocytes were enumerated 12 times 
dunng the penod The total penod of observauon was 55 days Treat 
ment consisted of 2 cc. of dilute hydrochloric aad with each meal, three 
grains of luminal daily from the twelfth day to the end of the penod and 6 
\ials of Lilly s liier extract daily after a control penod of 8 days General 
hospital diet was gi\ en The weight increased from 50 7 kgm to 53 3 kgm 
Basal metabolic rate determinations were made on 41 occasions 
35 



534 


PERNICIOUS ANEMIA 


In Cases 1, 2, 5, and 6 all of the diagnostic points were present In 
Case 3 there had been no previous remissions and there v as no evidence 
of subacute combined sclerosis In Case 4 paresthesia and subacute 
combined sclerosis were absent 

The following determinations were made on each patient 

1 The basal metabolic rate by Tissot spirometer and Haldane gas 
analysis (average of two analyses for each reading) 

2 Hemoglobin by the Newcomer method (19) 

3 Hematocrit by the Van Allen method (20) 

4 Reticulocyte counts (brilliant cresyl blue, 500 cells counted) 

5 Erythrocyte counts 



Chart 5 C^sE 5 

Case 5, C S , male, aged 70 years ObserAations were made on alternate 
days dunng a control period of 12 dajs, then daily for 25 da>s and tn-weeklj 
thereafter except that the basal metabolic rate vas not done on the thir 
teenth day Only 13 erythrocyte counts were made during the 60 daj 
period of observation Treatment consisted of 3 cc of dilute hydrochloric 
acid ivith each meal and 6 vials of Lilly’s li\er extract daily after a contro 
period of 12 days General hospital diet was given The body v eight 
Increased from 61 6 kgm to 63 3 kgm Forty basal metabolic rate deter 
mi nations were made 
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Chart 6 Case 6 


Ca$e6 J L female aged 46 years All obserrations except erythrocyte 
counts tvere made daily tor 24 days which was the total period of study 
In addition to the above mentioned determinations, water balance, nitrogen 
balance and nitrogen partition were done Treatment consisted of 4 cc 
of dilute hydrochloric aad with each meal and 6 vials of Lilly a liver extract 
daily beginmng after a control penod of three days ^The diet was weighed 
and refused portions were weighed after each meal The body weight 
increased from 59 kgm to 60 3 kgm 


DISCUSSION 

ObservaDon of the charts on the cases in this senes will show that in 
all save one (Case 1) there was a definite and gradual decrease in the 
basal metabolic rate very soon after liver extract was begun This 
decrease m oxygen consumption was most marked and uniform in the 
last three patients m whom the dose of liver extract was double that 
used in the first three cases We will first consider the ordinary [actors 
which may disturb the basal metabolic rate 
The body temperature is usually elevated dunng a severe relapse 
in pernicious anemia and is practically normal during a remission 
As can be seen from the tabulations (Table 1) the fall in temperature 
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TABLE 1 


Temperature, pulse, respirations, respiratory quotient, and caloric requirements of the 
patients studied expressed in averages for the various periods 



Days 

Temperature 

Standard error 
of the mean 

Pulse 

Standard error 
of the mean 

Respirations 

Respiratory 

quotient 

Standard error 
of the mean 

Calories per 
square meter 

Standard error 
of the mean 


1 



nttnule 


per 

mtnuie 

■ 

■ 

per 

hour 


Case I — L M 







HI 




Control penod 

9 

98 8 

11 

84 5 

1 2 

19 9 



36 3 

4 

Reticulocyte cnsis 

20 

98 5 

08 

83 1 

08 

20 0 

■Hi! 

■Hgl 

38 1 

2 

Regeneration penod 

74 

98 2 

04 

85 1 

07 

20 0 

740 

005 

37 2 

1 

Case II— L D 



1 








Control penod 

9 

98 5 

18 

84 4 

1 2 

19 8 



36 0 

5 

Reticulocyte crisis 

19 

98 1 

08 

78 1 

1 0 

19 5 



34 4 

3 

Regeneration penod 

75 

97 7 

05 

815 

1 

05 

19 6 



341 

3 

Casein— M M 


i 

1 


1 

1 







Control penod 

3 


19 

96 4 

3 0 j 

21 1 

732, 


41 9 1 

3 

Reticulocyte crisis 

20 

99 4 

10 

92 2 

1 2 

20 4 



35 7 

5 

Regeneration penod 

29 

98 7 


80 6 

07! 

19 6 



34 7 

4 

Case IV— L L 




1 



1 

1 




Control penod 

8 

99 7 

11 

86 8 

23 

20 6 

773 


34 4 

3 

Reticulocyte crisis 

16 

99 4 


86 0 1 

1 5 1 

20 0 

758 


32 2 

5 

Regeneration penod 

31 

99 0 


72 5 1 

1 

08 

19 3 

758 

007 

30 0 

1 

3 

CaseV— C S 

1 










Control penod 

12 

98 5 

ItBl 

67 4 

09 

18 5 

784 

006 

37 7 

3 

Reticulocyte cnsis 

17 

97 9 

10 

61 1 

07 

18 0 

826 

009 

31 8 

4 

Regeneration penod 

31 

97 8 


1 640 

1 

07 

19 0 

846 


29 1 

4 

Case VI— J L 




! 







Control penod 

3 

100 8 

15 

100 0 

24 

20 5 

809 


50 9 

4 

Reticulocyte crisis 

16 

99 2 

11 

85 7 

1 3 

20 3 

K3ill 


39 1 

7 

Regeneration penod 

5 

1 

98 9 

14 

75 1 

08 

20 0 

766 

H 

35 0 

5 


Figures for temperature, pulse rate, and respiratory rate represent the average of 
three determinations per diem for the number of days indicated Determinations 
were made at 8 A M , 4 P M , and 8PM The respuatory quotient and calones 
per square meter per hour represent the average of two gas an alyses for each determi- 


/ 2(d^) 

nation during the penod Standard error of the mean = 


1 ) 
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was rather insignificant m most instances and certainly did not parallel 
the decrease in oxygen consumption In addition, the temperature 
was usually most elevated in the afternoon, so that, although a morbid 
process which produced fe\er mav have been present, the actual 
thermic disturbance was a ery slight or absent at the time of the test 
While we can not exclude fever as a factor in increasing the basal 
metabolic rate at the beginning of the test periods, we can say that 
change in temperature was a factor of very minor or no importance m 
hanging about the decrease in oxygen consumption m which we are 
interested 

The pulse rate decreased slightly dunng the reticulocyte crises in 
some patients, but most of the decrease occurred later in the period of 
regeneration The ivork of the heart m these patients can not be 
determined from the pulse rate alone because the slight slowing might 
be easily overbalanced by an increase in blood ynscosity or in penpheral 
resistance We can find no arcumstance which mdicates that there 
was any significant change in the energy utilized in maintaining blood 
flow during the penods of decrease m oxygen consumption m our 
patients 

The respiratory rate changed so little as to be of no significance 

Psychic reactions may be a factor m oxygen consumption and are 
very hard to evaluate Most of our patients showed the imtability 
so often seen in pemiaous anemia but none had definite psychoses 
and all cooperated very satisfactorily Patients 3 and 4 received lu 
minal m moderate doses without any change in the type of response. 
Longer control penods would have been desirable m two patients 
(especially Case 6) because excitement occasioned by the test is likely 
to increase the oxygen consumpUon at first. This factor, however, is 
not as important m pemiaous anemia as m Graves’ disease. In four 
of the patients the control penods were sufficiently long (8 to 12 days) 

From the foregoing considerations we must conclude that the orderly 
and gradual decrease in oxygen consumption which often occurs 
at the beginning of an induced remission m pemiaous anemia is not 
due to changes in the body temperature, pulse rate, respiratory rate or 
psychic state The change in oxygen consumption in our cases is the 
re\'erse of what would be expected if the generally accepted e.xplanation 
for the increase m oxygen consumption in pemiaous anemia be correct 
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Rapid cell growth and an excessive oxygen utilization by young cells 
have been almost universally accepted as factors contributing to the 
increased oxygen requirement m perniaous anemia, erythremia, 
leukemia and lymphoma Obviously new cells are being formed 
rapidly m the last three diseases but there is some difference of opinion 
about the rapidity of cell formation during induced remissions in 
pernicious anemia 

It IS to be recalled that Alt (7) reported observations which he inter- 
preted as showing an increase in oxygen consumption during reticulo- 
cyte crises in pernicious anemia This increase was attnbuted to 
overactivity of the blood forming tissues Alt also found a lowered 
oxygen metabolism during the regenerative penod when the blood 
forming organs must still have been rather active 

The oxygen consumption of adult erythrocytes is practically nihil, 
but Harrop (13) found that blood containing numerous reticulocytes 
consumed a measurable amount of oxygen Accordingly the circulat- 
ing blood might use more oxygen during a reticulocyte crisis than at 
other times, but this effect, if present, is usually completely over- 
shadowed by some more potent influence 

That rapid cell growth m the adult organism will result m an increase 
in the total oxygen requirement is an assumption which seems to 
have gone unchallenged, but we should remind ourselves that it has 
not been proved, and our observations as well as those of some other 
investigators (14) indicate that it may be erroneous 

Rapid cell formation and rapid cell destruction coexist very com- 
monly in diseases of the blopd forming organs, and it has been very 
difficult to determine which of these processes is responsible for the 
changes in oxygen consumption which exist Isaacs (15) suggested 
a relationship between the increased destruction of nuclear material 
and the increased oxygen consumption in erythremia, leukemia and 
pernicious anemia In the first tAvo at least and probably in all of 
these diseases there is rapid cell formation as well as rapid cell destruc- 
tion In a patient not reported in this series we found basal metabolic 
rates of 22 4 per cent and 23 2 per cent above normal during a reticulo- 
c^Ue crisis At the time of these determinations 56 per cent of the 
erj'throcytes were reticulated, and nucleated blood cells numbered 
53,800 per cmm , of which 26,900 per cmm (50 per cent) were nucleated 
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erythrocytes and 19 100 were neutrophdes Unfortunately we know 
nothing of the oxygen consumption either just before or just after 
this cnsis, nor do we know anything about the unc aad metabolism 
or nitrogen balanee. Among the pabents whom w e studied systemat- 
ically one (Case 4) showed a slight nse in the basal metabolic rate 
dunng the beginning of the reticulocyte crisis but the rate fell rapidly 
and was falling durmg the peak of the crisis Even if all patients 
showed an increase in the oxygen consumption dunng the reticulocyte 
crisis we would have no proof that such an increase was the result of 
cell formation rather than nuelear destruction Riddle (16) showed 
that the endogenous uric aad metabolism is increased in beginning 
remissions even before the reticulocyte cnsis appears, and that the 
unc aad content of both the blood and unne falls before the reticulo- 
cjte cnsis disappears During the regenerative penod which follows 
the first part of the reticulocyte cnsis, we have, in pemiaous anemia, 
a blood dyscrasia m which there is at least normally rapid cell forma- 
tion without a correspondingly rapid cell destruction unless extruded 
nuclei are being destroyed 

Rubner (17) and Hoobler (18) separately showed that ammo aads 
which enter into the formation of body proteins exert no speafic dy 
naraic action When protan is stored there is also a saving of the 
oxygen which would have been required to metabolize it It would 
seem that, dunng a relapse, pabents with jiemiaous anemia are in 
parbal protan starvation in spite of an adequate protan intake, and 
that by speafic therapy they are suddenly rendaed able to use and 
store mtrogen in a normal fashion AH mvesbgators seem to agree 
that treatment with liver exbact results in nitrogen retenbon regard- 
less of any change in the protan intake Under such arcumstances 
the conservation of useable ammo aads would seem to involve less 
waste (speafic dynaxmc acbon) and probably less use of oxygen than 
w ould the catabolism of those ammo aads 

The changes in mtrogen balance are in some instances, not great 
enough to account for the changes m oxygen consumphon That is, 
the oxygen involved in the estimated speafic dynamic acbon together 
with oxygen which would have been required to metabolize the stored 
protein will not always be equivalent to the lowering which occurs 
in the total oxj'gen requirement In this connection, we should re- 
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member the tendency of the body to retain some portions of broken 
down cells which can be used again (e g , iron) It may be that the 
body IS using certain protein fractions over and over again in an effort 
to perfect some type of protoplcism which is essential to normal hema- 
topoiesis (stroma of erythrocytes^) The human organism can utilize 
protein derived from the body of any other animal and we are not 
aware of any proof that it can not re-utihze its own broken down 
protein If re-utilization of protein takes place an added quantity 
of oxygen might be involved in the process 

Almost the converse of the above state of affairs can be demonstrated 
in some patients with leukemia who are given roentgen ray treatment 
Results of such observations will be reported in a subsequent paper 

Several observations, some of which have been described by other 
investigators and which are more or less incidental to this study, will 
be enumerated 

1 As the blood count increased there was a tendency toward a 
decrease in both the volume index and the color index 

2 Serum bilirubin fell to a normal level promptly after liver therapy 
was begun 

3 The appetite increased soon eifter the reticulocyte crisis 

4 In four patients the respiratory quotient increased significantly 
under treatment whereas in the other tv'o there was a decrease 

5 The urine volume averaged slightly less than the liquid intake 
during the control period (Table 2) During the first 6 days of liver 
extract therapy the urine volume decreased still more but during the 
remainder of the period there was a distinct diuresis No attempt 
was made to measure the imperceptible water loss 

6 The unc acid excretion (Table 2) increased at the beginning of 
the reticulocyte crisis and continued high for several days 

7 The urea excretion (Table 2) decreased dunng the reticulocyte 
cnsis but returned to its previous level early m the period of regenera- 
tion 

8 In Case 6 the nitrogen content of the stool was ten times as much 
for the first 6-day penod as for the last penod of 6 days Much of 
this vanation was no doubt due to diarrhea 



TABLB 2 

f^xlroien balance and nitrogen partition in Case 6 
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• On the thjrd day of observation there waa on emesiB containing 597 7 groma of water and 2 7222 grams of nitrogen Note — Stools were collected for 
a penod of six days and daily nitrogen balances were obtained by adding one sixth of the stool nitrogen for the period to the urinary nitrogen for each day 
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PERNICIOUS A.NRMIA 


SmnLVR\ 

A blood dyscrasia (pernicious anemia) has been studied dunng 
relapses and remissions Early in induced remissions the influences 
which cause a lowering of the oxygen requirement are usually potent 
enough to counteract the effect of two factors which might in them- 
selves tend to increase the oxygen requirement during this penod 
These two factors are, first, the increased oxygen requirement of cir- 
culating reticulocytes, and, second, the increased oxygen required to 
maintain the high level of endogenous uric acid metabolism which 
exists During an active relapse blood cells are being destroyed more 
rapidly than they are formed, and there is a negative nitrogen balance 
with an increased oxygen consumption Dunng induced remissions 
blood cells are being formed much more rapidly than they are being 
destroyed and there is nitrogen retention vith a decreasing oxygen 
consumption We wish to suggest the following as a working hypoth- 
esis There is a direct causal relationship betw'een the increase m 
nitrogen catabolism and the increased oxygen consumption, and a 
similar relationship of cause and effect between nitrogen storage and 
decrease in oxygen requirement 
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BREATHING MEASUREMENTS ON NORMAL NEWBORN 
INFANTS 

By DOUGLAS P MURPHY and EDWARD S THORPE, Jk. 

(From Ike Cynecean Hospital InslUule of Gynecolopc Research and the Department of 
Peduslrtcs Unsverstty of Pennsylvania Philadelphia) 

(Received for publication March 7 1931) 

INTRODUCTION 

Observauons upon the frequency and amplitude of the respiratory 
movements of newborn children, recorded in the literature, are con 
flirting The rate of breathing per minute is recorded as follows 
Dohm (1), 62 Eckstein and Rommger (2), 37 to 49, Pfaundler and 
Schlossmann (3), 40 to 4S, and Feldman (4), 44 

The depth of breathing express^ in cubic centimeters, is given by 
Feldman (4) as 48 Dohrn (1), 45 Pfaundler and Schlossmann (3), 
27 to 42, von Recklinghausen (5), 19 5, Gregor (6), 15, and Eckstein 
and Rommger (2), 10 to 13 

The amount of air breathed per minute is 1300 cc accordmg to 
Eckerlein (7), while Eckstein and Rommger (2) record 600 to 1000 cc 
The mmute volume per kilogram of body weight is 400 cc. as reported 
by Feldman (4) while Pfaundler and Schlossmann (3) say that it 
vanes from 330 to 500 cc 

Observations have been made recently with the apparatus shown in 
Figure 1 which are the first to be recorded by this method 

APPARATUS 

The features of the apparatus which made possible the accuracy of 
the method were the size and construction of the Krogh spirometer 
and the collar arranged to render the system am-bght and the apparatus 
ngid The float of the Krogh spirometer is constructed of sheet 
aluminum 1/5000 of an mcli m thickness Its top measures 9 5 by 7 8 
cm The wnUng point end of the float extends into the water a dis- 
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tance of 5 3 cm , the opposite end 2 cm The rubber collar ‘ is 25 cm 
m diameter The peripheral porhon is 2 5 mm thick the central 
portion 5 mm The central opening is 2 5 cm in diameter 

Calibration of the spirometer using a burette and a gravity bottle 
for eater displacement, indicated that a movement of 10 cc of air 
would alter the pointer of the spirometer a distance of 7 mm No 
difference in the calibration eas noted when the plethysmograph was 
included m the system with appropriate fixation of the rubber collar, 
to simulate that effected when the infant was in posihon 
To determine the error introduced by rapid changes of air volume, 
further calibration was earned out by the use of a new Record sjnnge 
The latter by calibration w as set to transfer 21 4 cc of air per stroke 
Using very slow mot ement of the piston the position of the spirometer 
pointer moved a distance of 13 0 mm for each 21 4 cc of air transferred 
Employing an alternating filling and emptying of the spirometer at a 
rate of 54 fillings per minute 15 2 mm displacement of the pointer 
was the average produced per stroke whereas a rate of 104 per 
minute increased this mot ement to 15 5 mm per average stroke 
With the plethysmograph m the system, the neck opening of the 
collar plugged with a beaker, the crescenDc shutter in place and the 
lower part of the collar also made rigid by slight constant pressure 
against the beaker calibration was repeated Moving the svnnge 
at a rate of 54 strokes per minute the pointer moved 15 mm on the 
axerage, while a rate of 104 gave a pointer excursion of IS 1 ram 
The obseivations were earned out upon infants born in the Uni 
versitj of Pennsylvania Hospital dunng the months of June, July 
August and September 1930 Tests were made within the first day 
or two of birth w hen possible (Table 3) The selection of infants w as 
based upon size and the fact that careful physical examination rexealed 
no abnormalities Of 74 tested infants one later exhibited signs of 
parathyroid tetany and three developed a mild degree of dehydration 
fever Three quarters of the entire group of 74 infants were obserx ed 
by one of us m the outpatient department for the three months follow 
mg the breathing tests and w ere normal throughout that time The 

' This portion of the apparatus is standard equipment for the infant size 
Dnnker respirator and can be purchased through the \\ arren E Collins Co 
of Boston ^Ia8'^achuscttfl 



BRC^THIVG OF I^FA^^^S 


=;4S 

breathing of the infant haMng tetany did not deviate from the average 
in an\ respect 

PROCEDURE 

To secure the quietest breathing and therefore a record of minimum 
\entilation, an attempt vas made to measure only sleeping infants 
Tests vere done immediately after feeding time If the infant vas 
not sleepy it was given an additional feeding of 5 per cent Karo syrup 
in varm water Weight and body measurements w^ere recorded 
(Tables 1 and 4) A continuous tracing was made attempting to secure 
a record of from 10 to 20 minutes of breathing during sleep Sleep 
was not ahvays continuous, however, throughout the period Each 
infant was measured only once 




Fir 2 Plethismographic Records Made o\ 5 Sleeping Infants 
UNDER 48 Hours of Age Showing the Characteristic Irregularities 
^ OF the Breathing Rhathai 

Xote the two deep sighs in the lower tracing Time marker records 5 
second inten als 


After the tracings a\ ere shellaced and ready for examination selected 
parts show ing the s1oa\ est and most uniform breathing from the record 
of each infant A\ere chosen m the following manner Those parts of 
each traang made during sleep w ere subdivided into samples one-half 
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minute in length Avoiding the choice of consecutive samples, the 
three samples showing the slowest breathing rates were selected and 
each was measured in the following manner Using a specially call 
brated rule, each inspiratory stroke of the sample was measured with 
dividers, and the summation for the half minute doubled to give the 




Fig 3 Showing Chetok Stokes Ttpe of Breathing also in an 
Infant under 48 Hours of Age 

Thisi8rarel> seen usually just at beginning of sleep and is %ery transient 
Time marker records 5 second inteiwals, 

minute volume The three minute volume figures secured in this 
manner were compared If the largest was less than 10 per cent 
greater than the smallest it was assumed that a suitable degree of 
breathing stability had been reached for the purpose of the study, and 
the record of this infant was placed in Table 1 Records w hich failed 
to meet this requirement are gi\en m Table 2 Two examples of 
characteristic traangs are shown in Figures 2 and 3 
36 



Data ujion ‘iO h(■llll|lv fullli'nn iiifaiil': ohosc resl>iratorv movements .vcrc studied in the afipiiratus sheren in tiRure / Iort\ mtii infants eere tidref). nnd f 

tliotiiih (iduiki ^ai'C coin f)(i mbit rcconls 7 hi boiI\ tuittsurciitcitts ^ocrc titadc tht da\ ofthebst 


c 

— 
































g- ^ — 

t; S 


OJ 

OOcCOOvOCst^^O 

o o o 

o 

O 

o 

o 

o 

o 

O 

o 

o 


w t. — 




-*'-^0Cr^O^OCNt^fD 

rr> ID 00 

ID 


CO 


o 

so 

ID 

cs 

ID 

C 



■c. 















































?■= ^ 



*DfD0•^^0»D^C^C^ 

00 r>a O 


(>3 

o 

CD 

cs 


VO 

CD 

o 

1 


?•= = 




— ' <M 


CS 

<N 








c 


cc 


fsj Cs 

SO 

00 

CD 

Cs 

Os 


00 


cs 





Ct^^OsC^’^OOC'Os 

00 SO NO 

ID 


VO 


so 

ID 

On 

CD 

vO 

, L 



u 

CN 

Csr^CstDOO'Ct-^OOtDiD 

CO 00 

SO 

00 

On 

ID 

Os 


ID 

00 

ID 

































C ^ 














1 


‘c.C^ 

V. S 

CN 

CfSiDcClDt^C't^OO 

CO 00 cs 

OO 

00 

sO 

:$ 


O 

VO 

CD 

00 

1 


IT O C 


OS 

OOrffDiDr^C^^fDfD 

T}< fD Ti* 

CD 

CD 



CS 

CD 

SO 

CS 



*“ 1 

E 















(J 



r^CCO-frfsO^sOOi*** 

^ Cs 

c^a 

On 


"rt* 

CD 


On 





= = E 



CiDOOt^^OCOr-*t^OO 

00 

CO CO 


CN 


VO 

Os 

CD 


^H 






OfDCCiDOO'Ot^OO'DiD 

sO 

CO 

o 

ID 

On 


ID 

00 

ID 


















CJ 

E ^ 

V 
















s s 


1 

1 

1 

1 1 

1 

48 

38 

44 

00 

00 

VO 


00 

VO 

O 

cs 

00 



£S C 

•C. ^ 

O' 

CD 

CD 



CS 

CD 

VO 

cs 



c: 














o 

S- 


c 


ID 

O-t*00r^00-:J<OlDC^'^ 

rsiiDiD»DCsrD<DCsOvO 

Cs 

rg 


CD 

-pH 

Os 


Os 

00 



So B 


ro 

o o 

sO 

00 

CN 

On 

CS 

ID 

O 

CD 

W) 

C 

r* 

e 




C'fDC'lDOOOt-OOiD'O 

CO -f 

so 

00 

On 

ID 

Cs 


so 

CO 

ID 


C3 















_C 


c 

la 















•EfcS 

w ;: 

vO 

rvlcDOOoOCOOOCOOOOO 

00 CO C'l 

VO 

00 

so 

O 

cs 

SO 

SO 

s 

00 



esn 

•c. i 

O 

OCsffDlDrDCS'i^’fDfD 

Tj- CD 

CD 

CD 


-cf 


CS 

CD 

cs 

e 


Oi 

•* 















c 


O' 

OfDOOOOt^O^CD’^ 

rl< NO 

ID 

o 



VO 


VO 

o 

o 



Jg 1 



00»-'O''Ol^^eD*^<-»O\ 

Os ID CD 

CD 

CD 

O 

on 

<y> 

O 


so 



Sa 

cs 

00-4‘00iDCi0'Ot-«‘00'Ou^ 

00 CO 

sO 

00 

Os 

ID 

Os 


so 

OO 

1/) 



2 
































&C5 

t a 

00 

0'0*tccc^'00'0c^0 

00 00 CS 

O 

CO 

CO 

fva 

CN 

CO 

so 


CO 



eSC 

Oi. 

5.2 

E 

00 

'O^TfDtDfD<D'^fD<D 

^ CD 


CD 

-eje 


CO 

esj 

CD 

cs 


















Cl c 
w*" 


1 

++++++++++++++++++++++ 


c C.C 















2^' 



1 

+ +I 1 1 1 l+H — h + +l 

1 

1 

+ + + 

1 

I 

+ 

1 

* 


s 

StL-(-SSSt.tl.U.tU 

M 

F 

M 


s 


k. 

F 

F 

F 

M 

s 


















? e 
















it ^ 


o 

OOlDiDOO»DO»D»D 

O o ^D 

ID 

ID 

o 

ID 

O 

ID 

ID 

o 

o 


^ c- 


E 


iDiDOCC-t<M<MOOO 

CS On CD 

CD 

-t 

PNI 

SO 


o 

Os 


cs 





fD 

rDfD<DC^rD«DrDfOtOfD 

CD CN CD 

CD 

CD 

CD 

CS 

CD 

CD 

CS 

CD 

CD 


c c— . 















U 

c 


















ID 

iDOOOO»DOOlDO»D 

»D O r'j 

CO 

O 

CS 

o 

O 

O 

ID 

O 

ID 


^*r 


S 

rD 

fNr^»^'^Tt<rD<DOCNr'J 

O CD 

oa 

ID 







CS 


CT ~ 



«D<DfD«DrOrDrDfDfDfD 

CD CD CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 

CD 


=■5 


ID 

'DOOOOO-i'O'DtD 

ID o O 

O 

ID 

O 

O 

O 

ID 

O 

O 

O 


L. : 



rr- 

oot^t^ooot^oeo 

t-*. -H 

On 

CD 

Os 

Os 

O 

SO 

r-». 

o 

On 





iDiD-5»-^lO»OiO-}*iDlD 

-cJ- rf* ID 

-i- 

ID 



ID 



ID 



u 



ID 

Cr*“CscoooO''--^o»DO 

O r- 

CN 

On 

CD 

VO 

CD 

SO 

o 

O 

o 






”r»Dt^Ot^r^iiD^Cscs 


t'- 




Cs 


so 

ID 

o 






rH.CsC\tDr>--l*-i‘OOPD 

O so CO 

On 

C\ 

-t 

CO 

ID 

On 


SO 

o 




tf 



CD CS CD 

Csl 

CD 

CD 

cs 

CD 

CS 

cs 

CD 

CD 




w 


0CCSOt^tDOt-»O^iD 

-t »-• Os 

CD 

ID 

VO 

CO 

CC 

ID 

ID 

Os 

SO 


o 

u 



















C^l 

CTv On »D 


D- 




CD 









£_ 

u t- 




■ 

m 

■ 





1 

-z C 

c - 


r- 

or 

s 

0 1 
s 

AT 

or 

AT 

OF 

OF 

or 

s 

or 

B 

OF 

C/3 


C/3 

OF 

ra 

OF 

1 



I 


c^r^-*iD'wt^ooovC'^ 

CS CD •+ 

ID 

so 

H 

CO 

m 

O 


CNl 

CD 

i 

t? H 


1 









cs 

CNJ 

CS 

CS 


550 


Symbols ATF Axis traction forceps OF Outlet forceps F “Forceps" B Breech delivery S Spontaneous delivery + Yes 
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TABLE 2 

Obscnnhnus upon 2! Jicnilby fiilllenn lufniils which deal with plethvsmoRraphtc measurements of the Jrequenev and amplitude of the rrspiratorv mm 
these iiifaiils were iint asleep when tested and their stability of breathnif’ was less than that of the tnfanis recorded in table I 
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Symbols ATF Axis-traction forceps OF Outlet forceps S Spontaneous delivery B Breech delivery F “Forceps 
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RESULTS 

Of the 74 infants described m Tables 1 and 2, records were obtained 
from 47 during sleep, and also from 3 others, not sleeping satisfactonly 
uniform records were secured The results for these 50 infants are 
gi\ en in Table 1 The results for the remaining 24 infants are given in 
Table 2 The summanes found in the other tables and graphs and our 
conclusions are based upon the material in Table 1 The material in 
Table 2 is included for the sake of completeness and to show the difh 
culty of securing records of sleeping breathing and to indicate the 
great variability in the respiratory movements in the newborn child 
A summary of the data dealing with the ages of the 50 subjects described 
in Table 1 is recorded in Table 3 The majority were tested during the 
first 48 hours of life. 

TABLE 3 

Stimmory of data from table I to xnduate the ate of the [majonty of] infants when tested 
Ascttteat Number o{iaranU 

Dunng Ist 24 hour# 27 

Dunng 2Dd 24 hour# 10 

During 3rd 24 hour# 5 

4th to 11th day# mciustv-t S 


TABLE 4 

Bnif summaries cj data taken from table I 



WdcUt 

1 

i 

Lenctb 

1 

SiltUiC 

belglit 

Che*l 

tJrcuin 

femice 

Re*l4i»tc>r> 
ralfr 1 

Minute 

rolmne 

Mc&a 

tidal 

air 


tramt ' 

ciru 

cm 

cm 

ptT k/||K/( I 

fC 

cc. 

Maximum 

3989 0 1 

53 5 

35 2 

35 0 

1160 1 

1413 0 

27 0 

Minimum 

2320 0 ' 

46.5 

300 

26 5 ' 

24 0 ' 

433 0 

10 0 

A\Trage 

3202 0 

49 5 

32 5 

32 1 , 

43 1 

721 4 

16 7 


The maximum, mimmum, and average figures for breathing rate 
depth and ramute volume are recorded in Table 4 The figures for 
rate and minute volume in this table are based upon the three samples 
(A B, and C, Table 1) for each of the 50 infants The mean tidal air 
18 computed from th^ average rate and minute volume of the three 
samples from each infant Both are based on ISO samples wath the 
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group a\erage computed differently These observations indicate 
the wide \anation which may be expected m the breathing rate and 
amount of a entilation in sleeping newborn infants, and also the varia- 
tion in mean tidal air 

A frequencA distribution of the breathing rate is found in Figure 4 



Breaths Per WIinute 

hi(. 4 Distribution Cura'E of Breathing Frequency of the 50 
Infants Described in Table 1 

The abscissae indicate the number of breaths per minute The ordinates 
record the number of breathing samples (3 for each infant) Note that 
the largest number of samples W’ere registered by infants which breathed 
between 30 and 40 times per minute 

It IS based on the 150 samples of the 50 infants described in Table 1 
It w ill be evident that the largest group of infants breathed less than 
40 per minute, though the average rate AA-^as 43 1 (Table 4) However 
there w as a marked decrease in numbers of infants Avhose rate exceeded 
50 per minute 

Figure 5 records the frequency distnbution of the minute volume of 
air m the 50 sleeping infants The largest group of infants breathed 
between 600 and 700 cc per minute Avhile extremely feAv breathed more 
than 1000 cc These observations, like the ones in Figure 4, are based 
upon the 150 samples from the 50 infants 

Figure 6 IS a graphic record of the depth of the breathing, based on 
the mean tidal air for each infant (Table 1) From this chart it is 
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Fig S Distribution Curve of Minute Volujie of the Infants 
Described in Table 1 

The abscissae indicate the amount of air breathed per minute arranged 
in units of 100 cc the ordinates the number of samples (3 for each of SO 
infants) Note that the majonU of infants breathed less than 1000 cc per 
minute and that the largest single group less than 700 cc 

evident that the greater number of the 50 infants breathed between 12 
and 20 cc per breath 

Two infants were tested twice daily (Table 5) Their records indi- 
table 5 


Brcalhtni data on 2 infants tested tsetce the same day both times asleep Note the 
rate and minute volume vanalians in the case of infant A while the breaikins depth 
remained constant Ftiurcs represent averages of 3 samples 



Retplratoiy rote 

Me»n tkUl »lr 

Minute volmne 


txr miHul4 j 

u 


Infant A a.m 

42 

11 

487 

p m 

64 

11 

704 

Infant Bam 

44 


642 

pjn 

38 

■■ 

631 
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cate the ^a^abIlIt^ m rate and minute volume which may be expected 
at different times w ithin the same day, though the infants were sleeping 
and vere presumably under identical conditions at both periods 



CC OF Air per Breath 

I u 6 Distribution Curve of Breathing Depth of the 50 Infants 

Described in Table 1 

The abscissae indicate the size of the a\erage breath (calculated from 
tlie a\erage minute \olume and the a%erage rate, Table 1), the ordinates 
indicate the number of infants Note that the great majority of the 
infants breathed between 12 and 20 cc , and that the numbers were fairly 
e\cnh distnbuted within these limits 

TABLE 6 


Breathing measurements of 4 sleeping infants taken on 3 successive days Note unde 
variations in rates and in minute volumes Figures represent averages of 3 samples 



Respiratorj rate 

Mean 
tidal arr 

Minute 

volume 


Per mtnutf 

cc 

cc 

Infant 1st daj 

38 

14 

568 

2nd da> 

60 

13 

783 

3rd da> 

54 

13 

708 

Infant B, 1st day 

46 

14 

671 

2nd day 

47 

13 

638 

3rd day 

32 

17 

545 

Infant C, 1st day 

64 

14 

944 

2nd day 

36 

17 

639 

3rd day 

42 

16 

707 

Infant D, 1st day 

44 

12 

571 

2nd da\ 

44 

11 

511 

3rd day 

32 

14 

471 
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Four infants were tested on each of three successive days (Table 6) 
These records like the preceding ones (Table 5) indicate w ide v anaUon 
in breathing activity and show the change that can be expected in the 
same infant from day to day Both sets of observations show clearly 
that the ventilation is increased chiefly by an increase in rate, rather 
than by an increase in the depth of breathing These infants (Tables 
5 and 6) were measured under conditions similar to those maintained 
for the subjects of Table 1 

COMMENT 

The observations recorded in Tables 1 and 2 are presented simply as a 
set of physiological measurements An attempt to correlate the 
vanations of the respiratory movements with other factors failed to 
yield deductions of any value The study, however indicates that 
the plethysmographic measurement of the breathing of the newborn 
IS a practical and accurate method 
Even when sleeping the breathing of the newborn infants appears 
to vary w ithin rather w ide limits This is obsen ed chiefly in changes 
of rate, while the depth of the breathmg remams relatively uniform 
Thus breathing vanes for reasons that as yet are not understood In 
view of this marked vanation, which is to be found in the same infant 
at different periods of the day, as well as on successiv'e days it is 
evident that in estimating the infant s physical condition its breathmg 
rate should not be unduly stressed and this normal vanation in breath- 
ing rate should be taken into consideration 

It has been stated that there is a gradual expansion of the lung in the 
new bom infant from day to day dunng the penod immediately after 
birth The present observations confirm this statement as will be 
seen bv a glance at T able 6 It w ill be noted that the mean tidal air m 
infants B C, and D increased with age Our observations indicate 
that the degree of lung expansion cannot be estimated satisfactonly 
if onlv a few measurements of the rate of breathing and minute volume 
are taken into consideration, since these vary so widely from day td 
day 

The breathing rate as observed by us agrees fairly closely with rates 
noted by prevnous authors The mean tidal air of the sleeping infant, 
however appears to be less than that recorded by other observers 
Also the minute v olume measurements recorded by us are low er The 



560 


COLL\TER\L RESPIRATION 


LITERATURE 

EMdcncc in fa\or of the existence of anastomosis between the bronchial 
arborizations is contained in the work of Zimmermann (2), Hansemann (3), 
Merkel (4) and Schulze (5) B\ injecting masses intrabronchially and 
preparing corrosion specimens, the\ found that the pulmonary lobules w'ere 
fu«cd together at certain points Others who have used similar methods 
with attention to this matter are Flint (6), Miller (7), Laguesseand d’Hardi- 
\iller (8) and Oppel (9), but the\ ha\e not obtained such connections The 
studies of Professor Joseph Marshall Flint are particularly notew'orthv 
In summanzmg his results, he states that he found “at no period in the 
organogenesis of the lungs openings, or fenestrae, which suggest a communi- 
cation between adjacent pulmonary units They form, as we have seen, 
independenth at the growing ends of the tree, and as they approximate 
each other, it is alwa^s possible to demonstrate the interlobular or inter- 
aUeolar framework without interruptions suggestive of fenestrae offering 
a communication between adjacent aheoli Furthermore, in all my corro- 
sions, many of which are complete enough to fill completely the alveoli 
pulnionalis and maintain the entire form of the lungs, no instance was found 
of an interalveolar communication” He points out, however, that the 
pulmonarv lobules “may 'become compound by the loss of the interlobular 
septa and consequent confluence of several adjacent lobules " This work 
was done on pigs Flint accounts for the appearances of mteralv'eolar 
communication, which others obtained, as artifacts of extravasation of the 
injection masses, for high pressures are often necessary' to dnve the masses 
through the bronchi as far as the alv eoli and delicate terminal passages are 
easilv ruptured The authontative opinions of \V S Miller (10) and 
Macklin (11) support this conception 

As long ago as 1733, Stephen Hales (12) show'ed that the lungs lose air 
from the surfaces when subjected to high pressures of inflation He im- 
mersed a pair of dog s lungs in water in a bottle and then placed the whole 
within a negative pressure chamber, wnth the trachea connected by a tube 
to the outside The pressure in the chamber was lowered and the lungs 
were graduallv inflated \A hen the pressure reached —69 cm H-O ( — 2 in 
Hg) and the lungs were tensely distended, air began to escape in streams 
of bubbles from numerous points in the pleural surfaces At pressures still 
lower, 240 to —275 cm H;0 ( — 7 to — 8 in Hg), the rate of escape of air 
was increased, but the number of points of exit in the pleura was not multi- 
plied appreciablv This experiment has been repeated by Ewald and 
Robert (13) in somewhat different form Lungs were inflated under water 
simplv bv blowing into the trachea, and leakage was found to occur at pres- 
sures in the neighborhood of 47 cm H»0 (35 mm Hg) They also noticed 
the constanev in number of points of exit, and thev added the observation 
that the minimum pressure of inflation required to produce leakage in a 
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gi\en specimen was the same on repeated tests Lungs in the living animat 
were likewise inflated and air found to escape into the pleural ca^^ty 
Others (14, IS) have produced pneumothorax expenmentally by the same 
procedure- Very forceful inflation was always necessary 

Bichat (16), in 1808, was the first to discover that convulsions and death 
were the result of inflating an animal s lungs at high pressures Ewald 
and Kobert saw the same thing Since air was found in the blood vessels 
at autopsy these authors believed that the symptoms were due to air 
embolism and that the air entered into the pulmonary capillancs directly 
from the alveoli of the lunge Joanmdes and Tsoulos (15) have recently 
studied the production of air embolism in this way -Vlso they are among 
several investigators who have produced interstitinl emphysema of the 
lungs and mediastinum by that maneuver 

All of these sequelae of pulmonary hyperinflation are known to occur in 
man Thus patients suffenng crushing injunes of the chest without frac 
ture of nbs often present pneumothorax or interstitial emphysema and 
either or both of these effects may even be the result of voluntary straining 
to blow or to lift Instances are reported in which air has passed from the 
lungs into the blood stream as result of raised intrapulmonarv pressure. 
Iversen (17) found quantiues of air in the arculatjon of persons killed by 
hanging Peltauf (18) described this in persons drowned and Lindblom (19), 
in new born infants which failed to respond to strenuously applied artifiaal 
respiration The convulsive seiaures that sometimes oppear with paroxysms 
of whooping cough have been assigned by NeubOrger (20) to cerebral air 
embolism, and Husler and Spatz (21) furnished support for this view by 
demonstrating at autopsy in such cases degenerative lesions of the brain 
preasely similar to those produced by air embolism 

The manner of escape of air from the lungs under these arcumstances is 
not agreed upon completely Most authors favor a theory of alveolar 
rupture indeed widely dilated and torn air sacs have been found in the 
lungs in some cases (22) But the observations mentioned as to the con 
Btancy in number of the points of exit of air from the pleura and the con 
stancy of the minimum pressure of inflation required to produce escape of 
air by that path hav e led many to believe that the escape is through openings 
in the alveolar walls which exist normally and are open only when the alveoli 
arc stretched by hyperinflation They reason that if tears in the tissues w ere 
responsible repeated tests would show leakage at lower pressures than at 
first, and that the use of greater forces of inflation would multiply the 
number of openings 

Minute openings are well known to exist in the walls of the pulmonary 
alveoli in certain pathological states In pneumonia strands of fibnn may 
be seen in histological preparations to pass from alveolus to alveolus through 
pm point apertures in the walls between and these are referred to as the 
pores of Kohn (23) They have been described also m pulmonary edema 
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(10) although made out with difficulty because of the lack of fibrin to indi- 
cate their positions The pores are belie\ed by many authors (24, 25, ?6, 
27 28, 29 30) to be artifacts of fixation in histological preparation, or lesions 
\\ S Miller (10) has described the process of their formation in pulmonarj' 
di'-ease claiming that in each case the opening is formed in the interalveolar 
septum after necrosis of two epithelial cells lying opposite each other 
Others (31, 32, 33 34, 35, 36, 37, 38, 39, 40, 41, 42, 43) consider that the 
pores exist normallj Ogawa (44) gi\es good e\ndence of this in the results 
of his cxtensi\e studies of the minute anatomj of mammalian lungs His 
histological methods permit the aheolar septa to be xnew'ed in face as w^ell 
as in cross section, and the pores are seen as oval openings in the surfaces, 
w ith smooth borders formed by the epithelial cells lining the alveoli Ogawa 
tates that the pores are readily distinguishable from artificial defects, for 
the latter present irregular and jagged borders and pass through, rather 
than between, the epithelial cells The work was performed entirely upon 
normal lungs and includes a large variety of species 

EXPERIMEATAL MATERIALS AND METHODS 

Lungs removed from the body were used for a part of the experi- 
ments, including specimens from man, dog cat, rabbit, calf and pig 
In the remainder of the experiments, lungs in the living animal were 
emploxed, and here dogs were the subject exclusively, because the 
endobronchial instruments at hand were adapted only to that species 

E\pen7ne]:ts in intro The lungs w'ere obtained and used imme- 
diateh after death, wuth the exception of those from man, which were 
secured at autopsy from 8 to 20 hours after death They were ex- 
amined carefully for the presence of lesions and peculiarities of struc- 
ture, and then a unit of one or more lobes w^as detached at a time and 
used for experimentation Each lobe w^as prepared by tying a cannula 
into the stem bronchus or by similar treatment of one or more of the 
mam bronchial branches In doing the latter, it was necessary to 
dissect away the connective tissue at the hilus enough to expose and 
pass a ligature about each branch to be cannulated, and this w^as carried 
out w ith the utmost care to avoid injury to the parenchyma of the lobe 
The majority of these experiments entailed injection of one cannula 
w Ith air under dehcatel> controlled grades of pressure The apparatus 
for this consisted of a rubber tube connecting the bronchial cannula 
with a source of compressed air (tap from the main of the system of 
compressed air m the building) and tw o tubes branching from this. 
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one of which led to a manometer and the other of irhich ended shortly 
by immersion in a glass of water The second of these branching tubes 
served to regulate the flow of air to the specimen Suffiaent current 
of air n as turned on at the tap to be slightly in excess of that needed 
for inflation of the speamen, the excess air was allowed to escape 
•constantly from the submerged tube, and by raising or lowering that 
tube in the water the Bow to the specimen was regulated While the 
injection was going on, the cannula of another bronchus was watched 
■for the escape of air, and this was facilitated by immersing the free 
end of the cannula just under the surface of water in a separate dish 
Some of the expenraents required that the lung be expanded during the 
injecbon The speamen was placed for this purpose m a negative 
pressure chamber with the cannulas extending to the outside, and the 
pressure withm the chamber was lowered until the desired degree of 
•expansion was obtained The cannulas were then connected with the 
injecting apparatus and the test was made as descnbed The complete 
arrangement is illustrated m Figure 1 

Experiments ui vtvo The dogs were prepared by hyjxidennic injec 
bon of morphine and atropine and were anesthetized by inhalabon of 
ether The neck was mcised in the ventral mid Ime and the trachea 
was delivered and divided completely just below the larynx The 
distal end of the trachea was fitted with a short glass sleeve of the same 
diameter, to hold wide the entrance for mstmmentabon and to control 
persistent oozing of blood From this time on, the anesthesia was 
maintained by conbnuous intratracheal insufflabon of ether-vapor and 
air A bronchoscope was introduced through the tracheotomy open 
ing, and one bronchus was chosen for cannulation the position and 
depth of Its onfice being determined exactly The bronchus chosen 
was either the mam bronchus of the right lower lobe at a point just 
distal to the origin of the first branch of that lobe, or the bronchus 
supplying the right middle, lower and accessory lobes or the bronchus 
supplying the nght lower and accessory lobes Thus the first choice 
included one part of the bronchial tree of one lobe while the other 
two included the enbre bronchial trees of two or three lobes The 
bronchoscope was then remo\ ed and a long cannula w as inserted in its 
place and fixed at the chosen poinb A cannula was designed espeaally 
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Fig 1 ^ppARATLS FOR Measuring Resistance to Collateral 
Transfer of Mr in the Eacised Lungs 


Center negatn e pressure chamber, containing one lung lobe Two can- 
nulas from the bronchi extend to the outside Right, below s\stem of 
tubes for injection of air Left, below' glass of water to detect escape of air 
Right, abo\e manometers \ diagram of lung lobe 
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for this purpose (45)* (Fig 2) One end could be dilated after introduc- 
tion by revolving a cap at the other end The dilated end then pre- 
sented a narrow ring of metal and rubber for selective attachment to 
the bronchial wall The animal was sacrificed and autopsied after 
the experiment in every instance, and tlie position and security of the 
cannula were determined It was inxanably found that the attach- 
ment resisted vigorous twisting and pulling and that it showed no 
leakage of air under test with very high pressures In many expen 
ments the cannula was provided w ith a valve for control of air respired 
through it The \ al ve w as a bottle w ith tw o necks partly filled with 
water Two glass tubes entered the bottle through tight corks, one 
extending just beneath the surface of the water, and the other ter- 
minating above the water The cannula was connected b> a rubber 
tube to the first of these when it was desired to permit onlv expiration 
through the cannula, and it was connected to the second when inspira- 
tion only was desired See Figure 3, A and B 
Manometru measuremenls were made with water as medium since 
the pressures encountered were generally very small 
Slx objectives were dealt with in this work therefore the expen 
ments will be presented in that number of sections For the sake of 
cogency each section will be treated separately by introduang it with 
statement of object and closing it with reaum6 of deductions 

EXPERIMENTS 
Seclion 1 

Object To test the air tightness of the pulmonary lobule seeking for 
transfer of air collaterally from its airways into those of adjacent lobules 
Experiments in vitro in man dog cat rabbit calf pig 
Protocol 1 Dog s lungs The bronchus of one lobule and that of one lobe 
injected in turn nnth air the inflation of the lobtde and of the lobe and the paths 
taken by the air observed A dog s lungs were procured and examined The 

’ Tnal was made of the tjpe of bronchial cannula employed b\ others 
(46 47 48) which has an inflatable rubber collar at one end to secure it 
m the bronchus This proved unsuitable for the purpose at hand for when 
the collar was inflated it elongated within the bronchial lumen and covered 
too great a length of the wall Also the rubber slipped easily and could 
not be depended upon to maintain a given position 
37 
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Fig 3 Apparatus for Detecting Collateral Respiration in the 
Limng Dog 

Center trachea and lungs unth dilatable cannula fbccd in one bronchus 
of the nght lower lobe Abo\e connection to "water \^\e A water 
\al\e, arranged to permit expiration onlj B w'ate^^al^e arranged to 
permit inspiration only Arrows path of collateral respiration between 
the obstructed part (hghtl> dotted) and the free part (denselj dotted) of the 
cannulated lobe 
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lobe- were found to be entireK separated b\ fissures, e\cept for \ery small 
area*; of confiuence near the hilus, and there they were held together bj 
complete septa of loose connective tissue The lobular markings on the 
surfaces were indistinct or quite lacking The nght lower lobe was selected 
hrst for testing and was detached from the specimen One cannula wms 
tied in the first branch from the stem bronchus and a second in the stem 
bronchus just distal to that point, so that the first cannula supplied a single 
major lobule and the second supplied the remainder of the lobe The first 
cannula was connected to the apparatus for injection of air, and the second 
was submerged in water A slow current of air wms then turned on and 
regulated so as to inflate the lobule verv gradually The lobule was seen 
to enlarge sv mmetncallj , and it soon showed scattered patches of cortical 
inflation When the expansion was about three-fourths normal, the progress 
halted and air began to escape from the second cannula in a continuous 
stream of bubbles wathout there having been the slightest appearance of 
inflation of the other portion of the lobe The escape of air was observ'ed 
for a few minutes and no change was noted, and then the rate of injection 
was made steadily to increase As a result of this the lobule expanded more 
and more and the flow of air from the second cannula became greater and 
greater \\ hen the expansion had reached a degree that w'as about normal, 
the rate of injection was reduced and regulated so as to maintain that state, 
ind the specimen was submerged in w'ater No air escaped from the pleura 
Then the specimen was taken from the water and the second cannula was 
closed The portion of the lobe supplied b> it began immediately to inflate 
and continued to do so until it was fullv distended It presented the same 
appearances of inflation as were shown by the single lobule, i e , symmetrical 
expansion At no time was interstitial extravasation of air seen in the 
plane of fusion of the two divisions of the lobe or at other points The first 
cannula was then closed, stopping the air current, and the second cannula 
was opened The lobe collapsed rapidl}' as a whole, but when air had ceased 
to escape the lobule supplied bv' the first cannula remained v^ery slightly 
more inflated than the rest of the lobe The lobe was discarded, and the 
right upper and middle lobes were detached from the specimen for testing 
Thev were allowed to remain connected together, for they presented a 
maximum degree of confluence (over an area of about 1 sq cm) The 
stem bronchus of each lobe was fitted with a cannula That of the nght 
upper lobe was connected with the apparatus and injected wnth air, w^hile the 
cannula of the other lobe was submerged in water and watched for the 
escape of air, just as in the preceding experiment The inflation of the first 
lobe was earned far bevond the normal degree of expansion and to a point 
when air escaped audibl} from the pleural surfaces, but no air bubbled from 
the second cannula 

These experiments were repeated with many other specimens of dogs' 
lungs and the results were alwavs similar The lungs of cats were used in 
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the same ttaj Their gross anatomical charactensucs and their behatior 
to lobular and lobar mflauon were quite similar to those of the dogs lungs 
and do not require separate description 

Protocol S Dog J lungs — one aleleclaltc lobe The bronchus of one lobule 
snjected uil/i air the inflation of the lobule and the path taken b\ the air observed 
roentgenographtcalh The acce«sor> lobe of a dogs lungs was obtained 
It had been rendered atelectatic and was shrunhen and uniformly airless’ 
The lobe was bilobular suggesting somewhat the shape of a butterfli 
and the stem bronchus bifurcated at the hilus into branches of equal size 
for the two wung like major lobules A cannula was tied into each of the 
two branches and the\ were connected wath apparatus for injection of air 
A roentgenogram was then taken of the specimen and adjacent connections 
This IS reproduced in Figure 4 at A and show s the lobe as a shadow of homo 
geneous consistency The cannula for injecbon is represented at a the 
exhaust tube for controlling the injection is shown at b and the second 
cannula is at c wath its free end submerged in water m a small dish at d 
Injecbon was begun and one lobule was inflated gradiiallj untd air began 
to escape from the cannula of the other and with the air continuouslj bub 
bling through the water a second roentgenogram was taken See Figure 4 
B Here at e the aerated porbon of the lobe is represented as an area of 
rarefacbon including the greater part of the first lobule and a narrow zone 
at the border of the second At / appears a arcular area of rarefaction 
betrajnng the escape of air through the water The second cannula was 
then closed bj turning a stop-cock, to retain the air enbrel) in the specimen 
and the progress of inflabon that ensued was followed in a series of roent 
genograms See Figure 4 C D E and F This shows that the air spread 
to the bronchi of the second lobule, at j and to the jiarenchjma of both 
lobules unbl all jiarts of the lobe were filled wath air 

This expenment was pierformed wath one other sjieamen and similar 
results were obtained 

Protocol S Lungs of man The bronchi of several lobules injected in birii 
iri/A air the inflation of the lobules and the paths taken bi the air observed 
The left lung was obtained from a joung man who had died a few minutes 
after receirnng abdominal and cerebral injuries The two lobes were con 
fluent or er about one half of their opposed surfaces and in the plane of 
confluence was a complete septum of looselr packed connectne bssue. 
Lobular markings were indisbnct for the most part The lobes were allowed 
to remain attached together and thej were prepared for testing b> can 
nulating the three mam branches of the stem bronchus of each lobe. Two 
branches were chosen for use at first the lobules of w hich lax adjacent and 

’The ntelecbisi„ was produced b> obstruebng the stem bronchus of the 
lobe with w ax 3 da j s before sacrifice (49 50) The wax was remoi ed at 
autopsj before the lobe was used 




Fig 4 Series of Roentgenograais of a Lobe of Dog's Lungs, Made 
M HiLE Air Was Being Injected into One Bronchial Branch 

A lobe fully collapsed B— E stages of inflation, showing collateral 
transfer of air from one major lobule (e) to the second (g), i\ith escape (/) 
from the bronchus of the latter F lobe fully inflated 
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the cannulas ol the others nere dosed Connections ttere made and air 
tvae injected into one nhile the other nas watched for escape of air The 
lobule of the first became inflated to about one fourth normal expansion 
when air began to flow from the cannula of the second The flow was 
condnuoUB and kept pace with the injection, the expansion of the lobule 
remmning constant The rate of injection was then increased The lobule 
expanded farther and farther, and when the expansion had reached about a 
normal degree the escape of air from the second cannula had increased to 
an exceedingly rapid flow There was no loss of air from the pleural surfaces 
nor appearance of intersbtial emphysema The cannulas were then dis 
connected from the apparatus and after the air had escaped from the lobule 
they were dosed The teat was applied to two other lobules which lay 
adjacent to each other and in the other lobe The result was the same 
Again, a pair of lobules nas chosen which lay adjacent to each other but in 
different lobes (with the interlobar septum between) and the test was 
applied This time the inflation of one lobule had to be earned distinctly 
beyond normal before air escaped from the cannula of the other 

Another normal human lung was tested in this way The interlobar fissure 
was deeper m this case and the area of confluence was proportionately less 
extensue The plane of contact was occupied by a complete septum of 
connectiie tissue as in the other specimen The results were similar in 
e\ery respect, except that when two lobules were tested which lay adjacent 
to each other and in different lobes, there was no transfer of ait eten when 
inflation of one was earned far beyond normal wnth loss of air from the 
pleural surfaces and interstitial extray asabon 
Protocol 4 Rabbit s lungs The stem bronchus of ttto lobes injected in turn 
uilh air the inflation of the lobes and the paths taken by the air observed The 
lungs were secured from a large rabbit The lobes were found to be mdely 
confluent and the interlobar septa were thin and incomplete Lobular 
markings were lacking The stem bronchi were so imbedded in the lung 
that It pro\ ed impossible to expose the first branches for cannulatvon without 
injunng the parenchyma so the expenment had to be limited to dealing 
with whole lobes The middle and lower lobes on the nght were selected 
for the first test and, leaxnng them attached to the lungs the stem bronchus 
of each was fitted with a cannula The cannula of the middle lobe was 
connected to the apparatus for injection and that of the lower lobe was 
dosed Injecuon was begun The middle lobe inflated to a point which 
represented about one half normal expansion when the other lobe began to 
expand and then the process continued in both to about three fourths nor 
mal expansion At this point it ceased and air could be heard to escape 
from the pleural surfaces of both lobes. (Pressure of injechon 20 cm H 3 O ) 
The left upper and lower lobes were tested in the same manner and similar 
results were obtained In neither case was interstihal emphysema seen 
Protocol 0 Calf s lungs The bronchi of several lobules injected in turn 
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-LLith air, the inflation of the lobules and the paths taken b\ the air observed 
The lungs of a calf were secured The lobes were found to be separated 
almost entirely by fissures, and thick septa occupied the small planes of 
interlobar confluence that existed The lobular markings were \erv pro- 
nounced By dissecting with blunt instruments between the lobules, it 
was discovered that the septa King in that position w'ere much hea\ier 
than those seen in the lungs of the other animals examined, and that betw een 
the major lobules they extended throughout, from hilus to peripheri The 
septa between the minor lobules separated only the peripheral parts, and in 
the deeper parts the lobules were intimately fused together The right 
lower lobe was first chosen for testing and wms detached from the lungs 
The three main branches of the stem bronchus were fitted with cannulas 
Two adjacent branches w'ere used first, and the other w^as closed One of 
the pair w'as connected with the apparatus for injection, and its lobule was 
inflated The expansion reached an approximately normal degree without 
any air escaping from the cannula of the second lobule Inflation was 
carried further, and soon air wms heard plainly to leak from the pleural sur- 
faces With more inflation, air began to extravasate into the septum be- 
tw'een the lobules, to split the tw'o lobules apart, and to form blebs under the 
pleura Still no air passed from the cannula of the second lobule The 
apparatus was now disconnected and the lobule was allow^ed to collapse 
The cannula of the third lobule was connected for injection, that of the 
second w^as submerged in water to be w'atched for escape of air, and that of 
the first was closed The second and third lobules were adjacent The 
results of the injection were the same as before Attempts were then made 
to apply the test to minor lobules, but the bronchi supplying them were too 
small to be cannulated The nght upper lobe was next taken from the 
specimen of lungs and tested, and the results were no different than before 

The lungs of a pig w'ere obtained and examined They presented inter 
lobar and interlobular septa as hea\3' and extensne as those found in the 
lungs of the calf The results of experiments with inflation of lobules were 
%ery similar to those described in the protocol abo^ e 

Deductions 

1 The air passages of lobular divisions of excised lungs are not air- 
tight at the penphery When the inflation of one lobule alone is 
increased, the air may escape by one or more of three courses besides 
that through the bronchus of the lobule, viz , into the air passages 
of neighboring lobules, through the pleura, and into the interstitial 
tissues The first of these courses is undertaken when the inflation 
of the lobule is increased moderately and wuthin normal limits, w hile 
the other two courses are assumed only wath over-inflation of moderate 
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or extreme degrees An exception to tins occurs with rnbbit's lungs, 
for the second course is undertaken at degrees of inflation only slightly 
greater than those at which the first course is assumed 1 ht first 
course, namely collateral transfer between lobules, depends alst) u|>on 
intimate interlobular fusion, and tins circumstance varies with the 
species of animal and with the regions of the lungs as follows In man, 
dog and cat, lobules in the same lobe arc intimately fused, <ind lobes 
are separated completely by fissures and thick septa, and in these 
species air passes freely from lobule to lobule when both of them ire 
contained in the same lobe butnotwhen they arc contained in dilTcrcnt 
lobes and he adjacent The rabbit presents intimate fusion lictwccn 
lobules and between lobes, and air passes freely from lobule to adjacent 
lobule whether the lobules he in the same or in adjacent lolies Thecalf 
and pig have thick septa and fissures which completely separate the 
lobes, thick septa which completely separate the major lobules, and 
thinner septa which only partly separate the minor lobules, and in these 
species air fails to pass between major loliules in any position Passage 
between minor lobules could not be tested for but that there was 
provision for such passage was evident from the intimate interlobular 
fusion that existed 

2 Collateral transfer of air between the bronchial passages of adjn 
cent pulmonary lobules probably occurs by way of the fine arbori/n* 
tions at the plane of interlobular fusion, since it orcurs only when the 
air extends to the periphery Moreover, the transfer seems to be 
direct and without traversing connective tissues bccauht, first, inter 
stitial emphysema docs not appear m the region where the transfer 
occurs second wherever the transfer fails and inlerslitia! emphysema 
develops from over inflation the transfer is not initinled thereby and, 
third the pattern of expansion produced in one lobule by transfer of 
air from another is symmetneal and exactly the same as that of a 
lobule which is inflated by injection into the bronchial tree 

iee/ton 2 

Object To lest the an tightness of the pulmonary lobule, seekin? for 
transfer of an collaterally into its bronchtal arborizations from those of 
adjacent lobules 

Expenmentfi in nto in the dog 

Protocol a I mng dog s lungs The bronchus of a dnuton of lohulrs fii onr 
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lobe and that of three entire lobes aspirated in turn, to cxhatid the air from thosi 
parts of the lungs, the yield of atr measured and compared with the cdimatcd 
capacities of those parts for air, the effects of the aspiration upon intrabronchial 
pressures observed \ dog \sas anesthetized and tracheotomized The 
dilatable cannula was introduced through the tracheotom> opening and fixed 
in the bronchial tree of the nght lower lobe, at a point just distal to the ongin 
of the first branch of the lobe The cannula was connected to a manometer 
and the intrabronchial pressures were read (respirations light) Thev were 
inspiration, — 2 2 cm H;0, and expiration, 2 5 cm H;0 4 s\ ringe was then 

connected in place of the manometer, and air was aspirated from the cannula 
at the rate of 100 cc per minute The yield of air was free at all times, and 
when 500 cc , w'hich was at least 5 times the amount of air normally con- 
tained in the part of the lobe cannulated, had been remo\ed without indica- 
tion of exhausting the supply, aspiration was stopped and the sjnnge was 
replaced by the manometer The pressures were inspiration, —2 0 cm 
H:0, and expiration, 2 5 cm H 2 O Next, the cannula was loosened from 
the bronchus, withdrawn slightly and fixed again at a point in the right 
pnmarj' bronchus, so as to include in the cannulation the w hole of the middle, 
lower and accessory lobes The s>nnge was connected with the cannula 
once more and air w'as aspirated at the rate of 100 cc per minute With 
removal of 125 cc resistance to aspiration increased perceptibh and con- 
tinued to do so as more air was removed, until at 200 cc , which was less 
than the amount normally contained in the three lobes and about equal to 
the amount which they would be expected to jield on collapsing, no more 
could be withdrawn The intrabronchial pressure at that time proved far 
too low to be measured by the manometer 

This expenment w^as repeated in several other dogs and similar results 
were obtained The observation was added that aspiration of small 
amounts of air, as small as 3 cc , from one or more whole lobes resulted in 
distinct and lasting depression of the intrabronchial pressures This effect 
was alwajs in contrast to that of aspiration from lobular divisions of single 
lobes, where removal of air in any quantity failed to change the pressures 

Deductions 

3 The air passages of lobular dixusions of the lungs in hvung dogs 
are not air-tight at the periphery When the inflation of one lobular 
division alone is decreased air may enter freely by another vv ay than 
that of the bronchus of the lobule The portal of entrance is probably 
the collateral passage, already referred to, which connects the airways 
of adjacent lobules The collateral transfer occurs so freely as com- 
pletely to restore the inflation of the lobular divusion in question 

4 Collateral transfer of air does not take place from lobule to lobule 
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when the lobules he adjacent and in different lobes of the lungs of 
living dogs 

Sutton 1 

Object To lest for collateral respiration on the part of the pulmonary 
lobule viitli obstructed bronchus 

E\penmentB in vivo m the dog 

Protocol 7 Living dog s lungs The bronchus of a division of lobules in one 
lobe and that of two entire lobes obstructed in turn with a valve to allow only 
expiration from those parts of the lungs, the total amounts of air expired past 
the valve compared to the estimated capacities of those parts for air, the expired air 
anahzed the valve reversed and the total amounts of an inspired past the valve 
compared to the estimated tidal air of those parts \ dog wae anesthetized 
and tracheotomized The dilatable cannula was introduced and fixed in 
the bronchial tree of the nght lower lobe, at a point just distal to the origin 
of the first branch of the lobe. The cannula a as connected to the submerged 
tube of the water xAlxe, Figure 3 A Now with the first e.xpiration air 
bubbled freely from the submerged tube and with the following inspiration 
biibhhng ceased and a column of wrater was sucked up in the tube about S 
cm The second expiration was accompanied b> a like discharge of air and 
the inspiration produced the same elevation of water and these effects 
accompanied each respiratory cjcle throughout an half hour penod of 
obserxation The total volume of air which escaped dunng that penod was 
obtiouslj many times that of the capaatj of the division of the lobe from 
which It came The bronchial cannula was then disconnected from the 
valve and free respiration was permitted to take place through the cannula 
for a few minutes The cannula was reconnected to the v alv e but this titne 
to the elevated tube, Figure 3 B Now, with the first expiration a column 
of water rose about 5 cm in the submerged tube of the valve and with the 
following inspiration air bubbled freely from that tube The second and 
every other respiration in an halt hour penod of observation produced the 
same effects The dog gave no sign of respiratory embarrassmenL The 
total volume of air which entered the cnnnula was obviouslj enormously 
greater than the capaaty of the cannulated division of the lobe to receiv e air 
lve.xt the cannula was disconnected from the valve and loosened from the 
bronchus It was withdrawn in the lung slightly and fixed again at a point 
in the pnmary bronchus so as to include in the cannulabon the whole of the 
lower and accessory lobes The cannula was connected to the submerged 
tube of the valve With the first expiraUon air bubbled freely from the 
tube and with inspiration water rose about 5 cm in the tube The second 
expiration produced distinctly less bubbling the third and fourth produced 
still less and after that no more air was e.xpelled past the valve with the 
exception that one or two tiroes when e.xpiration was unusually forceful a 
bubble escaped The inspiratory elevauon of the water in the tube in 
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creased with each respiration and, after the fourth or fifth, remained at 
about 8 cm The total \olume of air which had escaped at tlie \al\e was 
evidently no more than the amount of tidal air that the cannulatcd diMsion 
of the lobe might be supposed to contain The dog was sacrificed, and the 
position and security of the attachment of the cannula were \erified 

This experiment, with the order of the maneu\ers \aried, was performed 
in many dogs, and the results were alwajs similar to these In one case, the 
air expired from a duision of the lower lobe o\er a period of 3 hours was 
measured and found to amount to 4,000 cc , and in another case the amount 
w'as 2,700 cc in 13^ hours On the other hand, the quantity of air expired 
from a cannulated unit of two or three whole lobes was neter greater than 
the 1 olume of tidal air w'hich it wms reasonable to suppose that portion of the 
lungs normallj' possessed 

Deduchons 

5 After obstruction of the bronchus of a division of lobules in one 
pulmonary lobe m living dogs, that division may inspire and expire 
spontaneously and freely by another channel and maintain its inflation 
The channel is probably the collateral passage, already referred to, 
which connects the airways of adjacent lobules This function may 
be termed collateral respiration 

6 The fact that collateral respiration occurs during quiet breathing 
spontaneously after bronchial obstruction characterizes it as a natural 
function and eliminates the possibility of its occurrence as an artifact 
from rupture of air passages 

7 Collateral respiration does not take place betw^een lobules which 
he adjacent in different lobes (dog) 

Section 4 

Object To measure the resistance ojff^ered to collateral transfer of air 
between pulmonary lobules 

Experiments in vitro and in vivo, in man, dog and cat 

Protocol S Lungs of man One lobe e\pandcd in a negative pressure 
chamber, the bronchi of several lobules injected in turn with air, the force of 
inflation necessary to transfer air cottateraU\ between lobules measured The 
upper lobe w'as obtained from the lungs of a ^oung woman who had died 
acutelj from internal abdominal injuries The stem bronchus was found to 
dmde into four branches outside the lobe, and the lobules which these 
supplied were arranged side by side as shown in the diagram. Figure 1, A, 
lettered a, b, c, d All four were fitted with cannulas The specimen was 
placed in a negatue pressure chamber, wath cannulas b and c extending to 
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the outmde and cannulas a and d closed The lobe was then inflated to 
about normal expansion When equilibrium was established (pressure of 
— 10 cm HiO in the chamber) cannula b was connected with, the necessary 
apparatus and injected with air, while cannula c was submerged in water 
and watched for the escape of air Figure 1 The pressure of injecUon was 
3 6 cm HjO at the time that escape began and at pressures \ery slightly 
higher than this the escape was exceedingly free. With the flow thus es- 
tablished the pressure of injection w'as lowered and it was found that the 
flow continued until a pressure of 1 cm HiO was reached The first reading 
was called ‘ initiation pressure and the second “ minimum ’ pressure 
Cannula 6 was then closed and replaced by cannula d and the latter was 
injected with air and cannula c wma obsciwed (Pressure of —10 cm HjO 
in the chamber) The initiation pressure was found to be 1 5 cm HjO 
and the “minimum pressure I 2 cm HaO Again cannula d was closed 
and exchanged for cannula a (Pressure of —10 cm HaO m the chamber ) 
Cannula G was injected and 6 obseiwed The initiation pressure was 4 0 
cm H 0 and the ' minimum’ pressure 2 8 cm HjO 
This expenment was performed also with lung lobes from two dogs and 
one cat. Each lobe had two cannulas one supplying a single lobule and the 
other the remaining lobules The left lower lobe of one dogs lungs gave 
readings of 3 0 cm HjO for initiation pressure and 1 4 cm HjO for 
minimum pressure The left upper lobe of another gav e 4 0 cm HiO for 
“initiation pressure and 1 6 cm HtO for ‘ minimum pressure The right 
lower lobe of the cat gave I 6 cm HjO for “minimum pressure. 

The same expenment, without the chamber and with the lungs collapsed 
a* from autopsy was earned out with one speamen from man and with 
speamens from several dogs. The readings were consistently somewhat 
higher than those w hich hav e been gi\ en for expanded speamens (Table 1 ) 

TABLE I 

Iftmmum prenure of infialim rcqmred for coUaieral transfer of air between piUmonary 
fo6nfcs t« rtiro 


Spedrt 

Lobe coQtpied 

Lobe expanded 


(m HtO 

f* HjO 

Man 

7^ 

20 


75 

1.2 


55 


Dog 

10 0 

1 4 


10 0 

1 6 

Cat 


1 6 


Protocol 9 Living dog s lungs The bronchus of a division of lobules in one 
lobe obstructed uith a valve io allo-o ouh expiration for that pari of the lungs 
the pressures in the obstructed and free bronchi measured at inspiration the 
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Fig 5 Apparatus for Measuring Resistance to Collateral 

Respiration 

To the apparatus of Figure 3 ha\e been added one free bronchial cannula 
with connections to the water-%ahe, and two manometers 
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valve reversed^ the pressures t» the obstructed and free bronchi measured at 
expiration the forces producing collateral respiration calculated A dog was 
anesthetized and tracheotomixed The dilatable cannula was introduced 
through the tracheotomi opening and fixed in the bronchial tree of the nght 
lower lobe at a point just diatal to the origin of the first branch of the lobe. 
The cannula w as connected to the submerged tube of the water take and to 
a manometer A long slender tube was then passed beside the bronchial 
cannula through the trachea to the primary bronchus and its end was 
brought to he freely within the lumen just proximal to the point of attach 
ment of the cannula This tube teas connected to the elerated tube of the 
water ral\e and to a second manometer Figure 5, A Now, at each expira 
Don air bubbled past the \ alt e (from the cannulated part of the lungs to 
the primary bronchus) and at each inspiration water rose a short distance 
in the submerged tube of the tmlie This action was observed for about 
one half hour and noted to be persistent The manometers were read from 
time to time and the readings were found to be stationary Representatii e 
readings were 1 4 cm HjO and 0 4 cm HiO at expiration and — 1 8 cm 
HjO and —0 6 cm HiO at inspiration The first of each of these pairs of 
readings was from the manometer attached to the dilatable cannula and 
represented the pressure within the obstructed bronchi, and the second of 
each was from the manometer of the free cannula and gate the pressure 
within the unobstructed bronchi The difference was taken between the 
twm readings at inspiration which is 1 2 cm HO, and this was interpreted 
to be the predominance of pressure in the unobstructed as compared to 
the obstructed bronchi effecting the collateral transfer of air into the 
obstructed diMSion of the lobe Next, the water val\ e was re\ ersed Figure 
5 B At each inspiration air bubbled past the vaKe (from the pnmarv 
bronchus to the cannulated part of the lungs) and with expiration water 
rose a few cenUmeters into the submerged tube of the vaUe This was 
obseried for one half hour noted to fiersist, and the manometers were read 
from time to Ome Representative readings were — 1 2 cm HiO and —0 2 
cm HiO at inspirafaon and 1 0 cm HjO and 0 5 cm H,0 at expirabon 
Theorderineachpairof these readings is the same as before The difference 
between the two at e.\piration was taken, which is 0 5 cm HO and this was 
interpreted to be the predominance of pressure in the obstructed as com 
pared to the unobstructed bronchi effecDng the collateral transfer of air 
out of the obstructed dmsion of the lobe. (Table 2 ) 

This e,xpenment was repeated in its essenual features on many other dogs 
and the lalues obtained were the same or rery similar to those when the 
animals were breathing lightly as in this experiment With deeper breathing 
the xalues were higher that is the predominances of pressure effecting 
collateral respiration were higher often many times the lalues quoted 
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TABLE 2 

htlrabroiichtal pressures produced tn brcalhtng after obstruction of a lobular bronchus 



in vuo 


Position 

At Inspiration 

At expintion 


cm H-O 

cm HiO 

In obstructed bronchi 

-1 s 

1 0 

In free bronchi 

-0 6 

05 


Difference 

Difference 


1 2 

05 


(Force producing 

(Force producing 


collateral 

collateral 


inspiration) 

Deductions 

expiration) 


8 The resistance offered to collateral transfer of air between pul- 
monary lobules m vitro is very small, particularly when the specimen 
IS somewhat expanded during examination It maj^ be overcome by 
force as small as the weight of 1 cc of water 

9 After obstruction of the bronchus of a pulmonar^'^ lobule m vivo, 
the pressures of breathing m the obstructed air passages fluctuate more 
widely than do the pressures in the free passages Thus, during 
inspiration, the pressures m the obstructed passages fall below those 
m the free passages, and during expiration the former rise above the 
latter These differences, or predominances, are proportional with 
the depth of breathing, being as low' as 0 5 cm H:0 pressure in very 
light breathing and very much greater in forceful breathing These 
are evidently the forces w'hich effect the transfer of air in collateral 
respiration It may be said, therefore, that the resistance offered to 
collateral transfer of air between pulmonary lobules vi vivo is exceed- 
ingly small, smaller than in vitro 

10 Air may be transferred collaterally betAveen pulmonary lobules 
in the same lobe, even w'hen the two concerned are separated by another 
lobule w ith obstructed bronchus Under these circumstances, the 
resistance to the passages of air is somew'hat increased but remains 
w'lthin the limits of the forces w'hich act during quiet breathing to 
effect collateral respiration 

Section 5 

Object To characterize the connections by which air is transferred 
collaterally between pulmonary lobules 

Expenments tn eitro and in vwo, in the dog 
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Protocol 10 Vog s lungs^onc lobe The bronchus of one lobule instilled 
uifft colored ivoter {methylene bine so/ithoi*) the path taken b\ the vyiter observed 
The nght lo\\er lobe of a dog 8 lungs was obtained and prepared by filing a 
cannula in the stem bronchus and a second in the first bronchial branch 
The cannulas w ere then held in the i ertical position suspending the specimen 
from their lo'fter ends and a 0 5 per cent aqueous solution of methylene blue 
uas instilled drop by drop into the cannula ol the bronchial branch until 
no more ■would immediately enter The lobule supplied by that branch 
became deeply stained The cannula was then closed and the specimen v.’as 
laid aside for one half hour No change was noted in the external appearance 
of the specimen during that time but frothy fluid stained deep blue was found 
in the cannula of the stem bronchus and in the larger bronchi of the part 
of the lobe which it supplied Cross section of the lobe showed the paren 
chyma of the separately cannulated lobule sodden with fluid deep blue and 
sharply demarkated from the parenchyma of the rest of the lobe which was 
unstained 

In other e^xpenments of this sort the stain was injected ivith IS to 30 cm 
HiO pressure In addition to immediate staining of the injected lobule, as 
before these specimens showed points and areas of staining in the surfaces 
of the rest of the lobe within one or two minutes Cross section of the lobe 
showed solid infiltrapon of the injected lobule wnth stain and patches of 
staining in the parenchyma of the other parts At the center of the patches 
were bronchioles filled wnth the stain The line of demarcation of the in 
jected lobule was sharp and there was no appearance of direct extraiasa 
tion from its borders When injection was earned on a few minutes longer 
than this, the lobe became colored throughout with the stain 

The expenment of protocol 10 was repeated once using a colloidal solution 
(5 per cent argyrol solution) for injection Preasely the same results were 
obtained 

Protocol 11 Dogs lungs — one lobe The bronchus of one lobule injected 
uilh icater containing grossh discernible solid particles (bismuth subnitrate 
cr\stals) in suspension the path taken by the particles observed roentgeno 
graphtcalh The left lower lobe of a dog s lungs was obtained and prepared 
by tying a cannula in the first branch of the stem bronchus An aqueous 20 
per cent suspension of bismuth submtratc (the most finely powdered com 
meraal preparation) was injected wuth 10 cm HtO pressure into the cannula 
and the pressure was maintained for about 15 minutes A roentgenogram 
was then taken of the specimen The pressure was raised to about 50 cm 
HjO and a second roentgenogram was made. Both negati\es showed the 
injected lobule to be saturated and distended mlh the opaque mass and 
the rest of the lobe to be free from it. 

Protocol l£ Dogs lungs — o? e lobe The lobe expanded in a negative 
Pressure chamber the bronchus of one lobule lustillcd xi.ith water coniaintiig 
microscopic solid particles (granules of indta ink) tn suspension, the path 
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taken by the particles observed The nght lower lobe of a dogs lungs was 
obtained and prepared bv fixing one cannula in the stem bronchus and 
another in the first bronchial branch The specimen was then placed in the 
negatne pressure chamber wath the cannulas extending to the outside and 
a moderate degree of expansion was produced bj lowering the pressure in 
the chamber to —10 cm H 2 O The chamber was then tilted onto its side, 
so as to bnng the cannulas to a \ertical position suspending the specimen 
from their lower ends Three cc of india ink, diluted wath water to 50 per 
cent strength, was instilled into the cannula of the bronchial branch 1 lie 
pressure in the chamber w'as then made to fluctuate between 0 and —10 cm 
H 2 O pressure four or fi\e times, to collapse and expand the lobe alternateU 
Examination then show'ed that the cannula of the stem bronchus and the 
large bronchi of the part of the lobe which it supplied contained black frotln 
fluid 

This experiment was repeated in three other specimens, and the same 
results were obtained Once, india ink was instilled into a separateU can- 
nulated lobule without the use of expansion, and the specimen was allowed 
to remain for 3 hours before examination The instilled lobule was deeph 
and completelj blackened, but no trace of ink could be found in the other 
parts 

Protocol 13 Living dog's lungs The bronchus of a division of lobules in 
one lobe obstructed until a valve, to allow only expiration for that part of the lungs, 
the action of the valve observed, the pulmonarx vessels to the lobe ligattd the 
action of the valve observed again, chloroform given for inhalation b\ the re- 
mainder of the lungs, and the air from the obstructed division aiiah'zed for 
ehloroform \ dog was anesthetized and tracheotomized The dilatable 
cannula was introduced through the tracheotomy opening and fixed in the 
bronchial tree of the right lower lobe, at a point just distal to the origin of 
the first branch of the lobe The cannula was connected to the submerged 
tube of the w ater-vah e W ith each expiration air passed through the \ al\ e 
and wath each inspiration water rose into the submerged tube The action 
was obsen ed long enough to ascertain that it was continuous Preparation 
was then made to open the chest \\ithout disturbing the cannula, positi\c 
pressure intratracheal insufflation of air and ether-\apor was guen to 
maintain pulmonary aeration Incision was made through the right 5th 
intercostal space, the chest was opened, and the hilus of the right lower lobe 
was exposed The pulmonary arterj and \ein supplying that lobe were 
ligated securely The chest was closed by sutunng the wound care being 
exercised to inflate the lungs sufficiently and thus to a\oid residual pneumo 
thorax The positne pressure insufflation was then discontinued It wa^ 
found that the dog breathed as before and that the action of the air at tlie 
water-\al\e was unaltered -X senes of fi^e small bottles, each half full of 
water, was prepared The rubber tube connecting the cannula to the 
water-\ aKe was disconnected at the water-\al\e, and its end was submerged 
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in the nater in one of the bottles \\hen the air had bubbled through the 
•r.ater for one minute the tube was transferred to a second bottle and at the 
same time a few drops of chloroform were placed in the path of the respired 
air of the non cannulated parts of the lungs After one minute the tube 
w as taken to a third bottle and allowed to remain there for one minute The 
two remaining bottles were used in succession in the same waj The water 
in the bottles was then tested for the presence of chloroform by the method 
of Ross (51) The first specimen was negatiie and the rest gate strongly 
positite reactions 

Deditcltons 

11 Openings smaller in calibre than the terminal respiratory ducts 
and alveoli connect the arborizations of adjacent pulmonary lobules 
in the same lobe This is deduced from the fact that mdia ink granules 
may pass collaterally from one lobule to another, while the larger 
bismuth crystals, which are readily injected through the bronchi to 
the alveoli do not pass collaterally These openings are patent only 
w hen the alveoli are expanded to some degree beyond that of the state 
of collapse produced by removal of the lungs from the body, since 
India mk easily reaches the alveoli when the lungs are collapsed but 
passes collaterally from lobule to lobule only with expansion of the 
lungs 

12 The pulmonary nrculation plays no essential part in the mecha- 
nism of collateral respiration 

13 Chloroform vapor passes readily with the air dunng collateral 
respiration 

Section 6 

Object To determine the degree of interference from the presence of 
flutdi in the bronchi with the transfer of air collaterally behceen pulmonary 
lobules 

Expenments in niro and in vivo in the dog 

Protocol 14 Dogs lungs — one edematous lobe The lobe expanded in a 
negative pressure chamber the bronchus of one lobule injected uilh air and the 
force of inflation necessary to transfer air collaterally betioeen lobules measured, 
u-aler injected into the same bronchus air again injected and the force of inflo 
lion necessary to transfer air collaterally between lobules measured The lungs 
w ere obtained from a dog which had died from on ox erdose of sodium amytal 
Thej were xolummous and heai-y and the air passages were filled with 
froths fluid of pulmonary edema. The right lower lobe was detached and 
prepared b\ fixing one cannula in the stem bronchus and another in the first 
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branch The specimen was then expanded by placing it in a negatne pre*;- 
sure chamber at —12 cm H;0 pressure The cannula of the bronchial 
branch was connected with apparatus and injected with air, while the other 
w as submerged in w ater and w atched for escape of air Escape w as initiated 
at 2 0 cm H;0 pressure Xow', 5 cc of water was injected into the lobe 
through the cannula used for injection of air, and the test was repeated 
The same “initiation” reading was obtained Ten cc of water was added, 
and another test ga\e an “initiation” value of 18 cm H-O 

Protocol 15 Living dog's lungs The bronchus of a division of lobules in one 
lobe obstructed iLith a ualve, to alloio only inspiration for that part of the lungs, 
the action of the valve observed, a colloidal solution (argvrol) injected into the 
cannula, the action of the valve observed again A dog was anesthetized 
and tracheotomized The dilatable cannula w'as introduced and fixed in 
the bronchial tree of the right lower lobe, at a point just distal to the origin 
of the first branch The cannula was connected to the elexated tube of the 
water-vahe. Figure 3, B With each inspiration air bubbled past the xahe 
(into the cannula) and wuth expiration w'ater rose into the tube a few' centi- 
meters The action w'as obserxed long enough to ascertain that it was 
continuous, and then 5 cc of 10 per cent argyrol W'as injected into the lobe 
through the dilatable cannula The action of the \ ah e was observed again 
ho air passed it for the first 3 or 4 respirations, and after that the behaxior 
was as before Fifteen cc of argyrol w’as added, and this time the xahe 
showed no passage of air at all The w’ater merely rose and fell in the tube 

Deductions 

14 Collateral transfer of air between pulmonary lobules is entirely 
prevented by the presence of large amounts of w’ater or a colloidal 
fluid in the air passages Smaller amounts interfere less and may only 
slightly raise the resistance, and the intrabronchial fluid m marked 
pulmonar}’ edema may not cause any appreciable resistance The 
smaller amounts of fluid probably become so distributed and divided 
among the peripheral airways by the current of air as to leave parts 
free for collateral transfer 

DISCUSSION 

Tw o possible sources of error w’ere kept particularly m mind during 
the performance of these experiments, namely, leakage of air at the 
point of attachment of the dilatable cannula to the bronchial wall, 
and rupture of minute airways in the lungs These appear to have 
been eliminated satisfactorily First, leakage seemed highly improb- 
able to all obserx’ers of the action of the dilatable cannula and of the 
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ngorous tests to ivhich its attachment was submitted but still more 
convincing are the facts that the appearances of collateral transfer 
always failed to occur wnth the cannula fixed in the primary bronchi, 
and that m experiments tn vitro, with the cannulas tied in the bronchi 
collateral transfer was obtained as well Second, the extremely low 
pressures of injection used in producing the transfer artificially and 
the fact that the transfer is initiated and maintained spontaneously 
in Vivo during quiet breathing appear to remove the possibility of 
alveolar rupture as an essential part of the process 

Collateral transfer of air m the lungs requires intimate fusion of the 
lobules and it is prevented by the presence of complete septa between 
the lobules These circumstances have been found to vary consider- 
ably with different species and with different regions of the lungs 
In man, as also, in the dog and cat, the interlobular septa are thin and 
incomplete while the interlobar septa are thick and complete In 
these speaes air was found to pass freely from lobule to lobule only 
when they lay within the same lobe Testa were applied to the major 
lobules alone, but it is likely that collateral transfer is possible also 
between minor lobules, considering the similarity of the two as to 
degree of fusion Technical limitations prevented as extensive exam 
mation for collateral respiration in living animals as was applied for 
the transfer of air in specimens removed from the body, but it appears 
very likely that collateral respiration occurs in all parts of the lungs 
where collateral transfer of air was found possible 

The means by which au passes collaterally from lobule to lobule 
remains m doubt Some light is thrown upon this by the behavior of 
gases, liquids and particulate matter injected into the air passages of a 
lobule We conclude that anatomical openings must exist behveen 
the lobules at their planes of fusion that the openings he between the 
terminal airways perhaps between the alveoli that they are extremely 
minute m caliber smaller than the alveoli and that they are patent 
only when the parenchyma is expanded Of the structures of the lung 
with which we are acquainted, the pores of Kohn meet these criteria 
best If these pores are normal structures they may well account 
for all of the appearances of collateral transfer We are inclined 
to believe that collateral transfer of air depends also to some extent 
upon diffusion 



5S6 


COLLVTERAL RESPIRATION 


From the e^^dence at hand as to the minuteness of the opemntis 
between the lobules, one readily understands the reason for the 
negative results of the anatomical investigations of many workers 
as to the question of interlobular anastomosis Whatever the openings 
may be, it is clear that they permit only very^ limpid fluids to pass 
The masses ivhich investigators have injected in making corrosion prep- 
arations have been far too viscid Penetration of the injected material 
to the alveoli cannot be taken as adequate for the demonstration of 
interlobular connections — ivitness our negative results with bismuth 
Moreover, the practice has been to inject the w'hole specimen at once 
from the stem bronchus, rather than to inject the bronchus of one 
lobule at a time, and this afforded poor opportunity for the masses 
to flow' from lobule to lobule Also, iva\ models of the lungs cannot be 
expected to demonstrate the presence of such minute structures as are 
the openings m question, for microsections cannot be cut thin enough 

The term, collateral respiration, is applied to the function described 
m this paper, because of the analogy w'hich it bears to collateral circula- 
tion by capillary anastomosis m the blood-vascular system The tw o 
functions are fairly similar m mechanism of operation and in phj'sio- 
logical purpose 

Collateral respiration, like collateral circulation, depends for its occur- 
rence upon the development of differences of pressure in tw'o adjacent 
units of passages, and this takes place only w'hen the mam channel of 
supply for one unit is obstructed The differences of pressure in the 
bronchial tree, between obstructed and free parts, have been measured 
directly m these experiments and w'ere found to vary in magnitude 
w'lth the depth of breathing Only very slight differences, such as occur 
m light breathing, are required to carry on collateral respiration 

The physiological purpose of collateral respiration becomes apparent 
m review mg the w'ork m bronchial obstruction w'hich has already been 
reported by members of our group Collateral respiration has much 
the same economic role in the operation of the bronchial tree as col- 
lateral circulation has in that of the vascular system, for it acts to 
consen'e the function of parts w'hich have become obstructed The 
small bronchial branches are obstructed much more frequently than 
are the blood vessels, m all probability, since occluding substances, 
especially products of inflammation, find very' readv access to the air 
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passages Furthermore, the ebb and fltm pnnaple of aeration of the 
lungs IS at a greater mechanical disadvantage in the presence of ob 
struction by fluids than is circulation Thus it is a matter of common 
observation in clinical fluoroscopy of the lungs with lipiodol in the 
bronchi for diagnostic purposes, that a column of lipiodol in a small 
bronchus remains there during respiration, ndes to and fro, and permits 
no air to pass Its expulsion occurs only with forceful expiratory 
effort (cough) No more than a droplet of fluid is required to obstruct 
a capillary bronchiole in this way and, if it occurs from bronchial 
secretion at night or dunng any period w hen cough is absent for some 
time the obstruction must remain and the impnsoned air undergo 
absorption It is here that collateral respirabon probablj functions 
to maintain the air supply, until cough or another eliminative force 
may act Expenments with dogs by Lindskog and Van Allen (52) 
have shown that air may be absorbed from an obstructed lung lobe 
(incapable of collateral respiration) m sufficient quantity within 30 
minutes to render cough entirely meSectual for elimination Under 
these circumstances too the lobe becomes atelectatic as a rule w ithin 
24 hours Van Allen and Adams (53) and Van Allen and Lindskog 
(49 SO) have found that the bronchus of one lobular division in a 
dog s lungs may be obstructed and remain fullv air-contaimng for 
indefinitely long periods of time Adams (54) has repeated and sub- 
sequently confirmed this finding The lungs of man with chronic 
destructive diseases are bemg searched at autopsy for the presence of 
bronchiolar stenosis by Van Allen and Ch in In the first specimen 
examined there was found occlusion of a tertiary bronchus at one point 
by a tuberculous lesion with the lobule which was supplied by the 
bronchus air containing Our expenence both in man and in labora- 
tory animals has been that lobular atelectasis develops after obstruc 
tion when in addition to occlusion of the bronchus of the lobule, there 
is occlusion of the airways at the periphery of the lobule upon which 
collateral respiration depends 
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The air tightness of the pulmonary lobule has been investigated in 
several species of animal including man in order to determine whether 
air may pass collaterally from lobule to lobule This is found to be the 
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case in those species and in those parts of the lungs where the lobules 
are intimatelv fused and lack complete interlobular septa In man 
collateral transfer of air betn een lobules is possible w here the lobules 
belong to the same lobe, and not where they belong to different 
lobes The transfer is ver>f free Thin liquids and finely particulate 
matter are also able to pass The mode of transfer of air has not been 
surely determined, but it is supposed to depend both upon diffusion 
through the alveolar w'alls separating the lobules and upon flow through 
minute openings in these membranes 

After obstruction of the bronchus of one lobular division of a lobe in 
the lungs of living dogs, air is found to enter and to lea\e that part 
during the breathing by means of collateral connections with adjacent 
unobstructed lobules To this function of the obstructed pulmonary' 
lobule the term collateral respiration is given It fails to occur betw een 
lobules situated in different lobes 

The physiological significance of collateral respiration is discussed 
in Its relation to bronchial obstruction and pulmonary' atelectasis 
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Within the past year, roentgenological evidence of healing of ncVvCts 
comadent with a persiatentl) low level of serum inorganic phosphorus 
has been observed in 2 children These findings are of importance in 
relation to the theones of bone formabon 

The subjects of the study nere 2 girls of 12 and 13 years of age 
respectively, both of whom showed roentgenological, clinical and 
chemical endence of active rickets The serum calaum values of 
both children were within normal limits the serum inorganic phos- 
phorus markedly depressed The children were given dietary treat- 
ment and kept under observation for a period of several months 
Dunng this time roentgenological evidence of marked healing of the 
bone was observed but the serum inorganic phosphorus of each child 
remained essentially at the same low level 

METHODS 

Blood was drawn before breakfast and the serum separated from the 
clot as rapidly as possible Calcium was determined by the method 
of Kramer and Tisdall (1) allowing the serum to stand 24 hours after 
the addibon of the oxalate The method of Fiske and Subbarow (2) 
was used for inorganic phosphorus protein was determined b> micro 
Kjeldahl (3) All possible precautions were taken in order to insure 
accuracy in the determinations 

RESULTS AND DISCUSSION 

Blood and metabolic studies of the 2 children were made at intervals 
during a penod of several months The values obtained for serum 
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calcium and phosphorus are given m table I Reproductions of the 
roentgenograms of the bones are shown in figures 1 and 2 The films, 
as interpreted by representatives of the departments of roentgenolog^ , 
orthopedics, and pediatrics, show marked e\idence of progressi\e 
healing 

TABLE I 


The serum calcium and inorganic phosphorus of hso children during healing rickets 


D C 

13 >cars 



M N 

12 >cars 



Date 

Cal 

cium 

Ph09 
phorua | 

Cal 1 

cium 

X 

pho9 
phoru9 ! 

Date 

Cal 

cium 

PllOS 

phonic 

Cal 

cium 

X 

plio^t 

phoru' 


mgm 

mgm 



mgm 

mgm 



per 

per 



per 

per 


1 

cent 

cent 



cent 

cent 


Jul> 17, 1929 

99 

3 2 

31 7 

Januarj’ 3, 1930 

11 3 

2 2 

24 9 

July 26, 1929 

11 4 

30 

34 2 ' 









February 12, 1930 

WSU 

2 2 

22 4 

October 11, 1929 

10 6 

30 

31 8 

February 18, 1930 

wm 

24 

25 0 

October 18, 1929 

10 3 

3 1 

31 9 





October 29, 1929 

10 8 

25 

27 0 

June 17, 1930 


2 0 

21 6 





June 24, 1930 

11 1 

2 2* 

1 24 4 

November 5, 1929 

10 9 

29 

31 6 





November 17, 1929 

10 5 

28 

29 4 

August 5, 1930 

11 2 

3 2 

35 8 

February 18, 1930 

9 6 

24 

23 0 

November 11, 1930 


2 7t 

29 4 

March 4, 1930 

10 6 

2 8 

29 7 





March 25, 1930 

10 2 

2 7 

27 5 





April 1, 1930 

9 9 

2 6 

25 7 





April 9, 1930 

10 3 

2 8 

28 8 





■\pril 14, 1930 

10 9 

3 1 

33 8 






* Phosphatase 0 42 units (normal 0 12-0 21) 
t Total acid soluble phosphorus, whole blood, 218 mgm per cent 


Detailed reports of the clinical findings and studies of the mineral 
metabolism of the 2 children are reported elsewhere (4) The calcium 
and phosphorus findings, how^ever, may be summarized briefly here 
The child D C , in November, 1929, after more than 3 months of 
antirachitic treatment, w'^as found to be retaining 25 mgm of calcium 
per kilo dailj , w ith a high intake of this element The dailv retention 
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of phosphorus rvas still better, 30 mgm per lalo In March, 1930, 
after the conUnuatton of the same treatment, the daily retentions of 
calcium and phosphorus were 30 and 21 mgm per kilo respectively 
The addition of 60 drops of viosterol ' daily increased these retentions 



a b c 

Fig 1 Roentgenocrajis op the Wrist of D C 
0 waa taken Jul> 24 1929 6 was taken October 4 1929 ciras taken March 
31 1930 During this time the child recened antirachitic treatment. 
Metabolic observaoona indicated adequate retenPon of calcium and phos 
phonis yet the serum inorganic phosphorus was consistently low (2 5 to 
3 mgm per 100 cc.) throughout the entire penod 

to 39 and 29 mgm per kilo respectively The child M N had been 
receiving antirachitic treatment for about 5 weeks previous to the 
first study The daily retentions of calcium and phosphorus first 
observed were 24 and 15 mgm per kilo Four months later, with no 
change in diet but with sunlight treatment in addition to the cod liver 
oil for pne month previous to the observation penod the daily calcium 
retention had increased to 30 mgm per kilo, the phosphorus retention 
remaining at the same level as m the previous study The retentions 
of calaum and phosphorus observed in both children were thus well 
above the average normal retention as given by Sherman (5) and may 
be considered adequate for the healing of rickets Serum tmalyses for 
calcium and inorganic phosphorus were made at intervals during the 
periods of study and are reported in table I Of the other blood 
analyses, the values obtained for carbon dioxide capaaty, for non 
protein nitrogen and for chloride were always within normal limits 
Determinations of pH were not made 

‘ The nosterol used in these studies was supplied by Mead Johnson and 
Company 
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The daily retentions of calaum and phosphorus observed in each 
child during these studies were amply sufficient to provide the minerals 
necessary for calcification of bone It is evident from the roent 
genograms that such calcification took place Nevertheless the serum 
inorganic phosphorus of each child remained approximatelv at the 
same level, fluctuating between 2 and 3 mgm per cent The eMstence 
of such values in cases of healing rickets is noteworthy because it has 
been generally accepted heretofore that serum phosphorus values as 
low as these are not compatible with healing nckets, but are indicative 
of rachitic activity Almost as striking is the fact that in the child 
D C the nckets was active dunng the late summer and that despite 
the low serum inorganic phosphorus, the penod of marked healing 
occurred dunng the late winter — a reversal of the usual seasonal 
activity and healing of rickets 

A careful review of the literature has disclosed but two other reports 
of healing nckets concomitant with low serum inorganic phosphorus, 
and in one of these reports the low phosphorus was but a transitorj 
finding Howland and Kramer (6) in their original senes of obser 
vations of serum calcium and inorganic phosphorus in infantile nckets 
listed 2 children with “unmistakable evidence of healing when the 
serum inorganic phosphorus values were 3 2 mgm per cent The 
authors made no special comment on these cases but concluded that a 
serum inorganic phosphorus of 3 mgm per cent or less was indicative 
of actiie nckets Gargill and his collaborators (7) have recentlv 
reported a case of osteomalacia, or adult nckets m a 38 year old 
woman, wherein defimte increase m density of bone was observed 
dunng a penod of ten months The serum inorganic phosphorus of 
the patient remained consistently low during the entire study varying 
from 2 16 to 2 64 mgm per cent Though this fact occasioned no 
comment by the authors we believe it to be of significance 

On the other hand, Hess Weinstock, Rirkin and Gross (8) have 
observed actiie nckets in infants whose serum calcium and inorganic 
phosphorus levels were quite normal By proper manipulabon of the 
diet, these authors were able to increase the serum inorganic phos 
phorus of rachitic rats to normal \alues, and vet delay markedly the 
healing of the rachitic lesions These results were interpreted as 
indicatiie of the fact that both local and systemic factors were involved 
in the production of nckets 
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The occurrence of calcification of bone despite a low serum inorganic 
phosphorus is most readily explained bj’’ considering that the deposit 
might consist almost w'hollj of calcium carbonate, instead of the 
normal calcium phosphate-carbonate complex This explanation, 
how^ever, is not satisfactory' m the cases studied by us, m view of the 
large amounts of phosphorus retained by each child The amount of 
phosphorus utilized m the production of tissues other than bone may 
be estimated roughly from the retention of nitrogen, the ratio of 
N P in the soft tissues being approximately 17 1 (9) The maximum 

retention of nitrogen obseiw'ed in either child, 87 mgm per kilo, can 
account for only about 5 mgm per kilo of the retained phosphorus A 
daily storage of from 10 to 24 mgm of phosphorus per kilo body 
w'eight in tissues other than bone seems even more difficult to reconcile 
with the maintenance of the low serum inorganic phosphorus than 
does its storage m bone 

If It may be granted that at least a part of the deposit must consist 
of calcium phosphate, the occurrence of this marked deposition of 
minerals at the metaphyses, coincident wnth the maintenance of a low 
serum inorganic phosphorus, must have a direct bearing upon the 
theories of calcification of bone Any theory, to be adequate, must 
explain the calcification which occurs under unusual conditions such as 
those described here 

The modern theories of normal calcification of bone mav be divided 
into 2 groups those concerned primarily with conditions existing in 
serum, as related to the probable precipitation of insoluble calcium 
salts in bone, and those concerned only with conditions at the site of 
bone formation In the first group. Shear and Kramer (10) have 
brought forward evidence to prove that the calcium phosphate 
compound of blood serum is the dicalcium, instead of the tncalcium 
salt According to these authors, the serum of children is normally 
saturated, or nearly saturated, Avith dicalcium phosphate Calcifica- 
tion of bone wms obtained 'in vitro only when the bone w'as immersed in 
solutions containing sufficient calcium and phosphate ions so that the 
ion product (Ca") X (HP 04 “) was greater than 2 5 X 10 ' an ion 
product corresponding to an empirical product of calcium X phos- 
phorus = 35 In serum, the calcium is not wholly ionized, therefore 
the empincal product of serum calcium and phosphorus represents a 
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greater value than the ion product (Ca'O X (HfOi”) Because 
calcification did not take place tu vitro when the empirical product 
calcium X phosphorus was less than 35, these authors postulated that 
calcification in Pira would not occur until the empirical product 
reached a \alue of 35 or greater 

An examination of the empincal products calcium X phosphorus of 
the serum of the child D C (table I) reieals but 2 values approxi- 
mating 35 and one of these values was obtained when the rachitic 
process was most actixe A product of 36 was obtained with the 
second child M N , dunng the period of greatest healing Other 
values for this product obtained dunng healing were as low as 22 
Accordmg to the calculations of Shear and Kramer, the serums of both 
children were undersaturated with dicalaum phosphate to a degree 
that would preclude calcification entirely Yet calcification occurred 
m both cases, as is shown in figures 1 and 2 

In 1925, Holt, La Mer and Chown (11) studied the serum calaum 
and inorganic phosphorus relative to the solubility product of tn 
calaum phosphate, concluding that normal serum is supersaturated 
with tncalaum phosphate to the extent of about 200 per cent, and that 
even in active nckets the serum is still supersaturated with tncalaum 
phosphate Holt (12) suggested that calafication is not entirely 
arrested in active nckets, but that it is so retarded that bone growth 
exceeds it in activity, thus produang the inadequately calafied bone 
charactenstic of nckets 

It might be argued, from this theory, that in these cases of late 
nckets, growth of bone was slow enough so that even though cala- 
fication was much decreased, it was still earned on suffiaently to make 
a nobceable diSerence in the density of the bone dunng the penod 
studied Such an explanation is unsatisfactory in many respects 
The first roentgenograms are typical of actix^ nckets The child D C 
grew an inch in height during the 9 months observation penod, so the 
growth of bone was not inordinately alow The retentions of calcium 
and phosphorus observed in each child were of the order of healing 
nckets the calafication which occurred was apparently of the type 
charactenstic of healing, not of acUve nckets In every respect 
excepting the low serum inorganic phosphrfrus, the picture resembles 
the healing observed in infantile nckets when the serum phosphorus 
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tration of phosphate ion af the pomt of calaficaiion could be increased 
to such an extent that the solubihtv' product of calcium phosphate 
would be exceeded and precipitation take place These authors also 
demonstrated that in rickets of rats the amount of bone phosphatase is 
not decreased but is probably increased The failure of calcification 
in rickets, therefore, is probably not due to lack of enzyme, but to 
some other factor, as a deficient amount of substrate 

Phosphate esters which can be hydrolyzed by the bone phosphatase 
are found in the red corpuscles, leucoc>Mes, and to a slight extent in 
the blood plasma (18) The amounts of these esters in other bodv 
fluids are not known Small amounts of phosphatase ha\ang the 
same properties as bone phosphatase and presumablj identical with it 
are found m plasma (19) Kay (20) has recently published data 
showing that in certain diseases of man wherein there is destruction of 
bone, or lack of deposition of bone salts, the phosphatase content of 
plasma is markedly increased In 10 cases of infantile rickets, 
reported by him, the plasma phosphatase averaged 0 95 units (the 
normal for this age group is 0 17-0 34 units), in one case of ado- 
lescent rickets the very high value of 2 4 units was obseri’^ed The 
plasma phosphatase decreases when the child is given antirachitic 
dietary treatment (21) A study of the phosphatase content of the 
blood of our patients seemed desirable Through the courtesy of Dr 
Kay, an analysis of the phosphatase content of the plasma of M N 
was obtained The child had been receiving antirachitic treatment 
for about 6 months and evidences of healing were very definite The 
value found, 0 42 units, is definitely above normal (0 12-0 20 units, 
normal adult range) but far below the values noted in Kay’s cases of 
untreated rickets If the amount of plasma phosphatase is indicative 
of the amount available m bone, there should be sufficient enzyme 
present for normal calcification 

In order to account for the calcification observed in these 2 children 
with late rickets according to Robison's theor^^ it is necessary to 
postulate the hydrolysis of an unusually large amount of phosphate 
ester to provide sufficient phosphate ion at the metaph>ses for the 
precipitation of calcium phosphate Such an increased hydrolysis is 
within the realms of possibility, although the data obtained are 
insufficient either to support or to deny such a conclusion A single 
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determination of total aad soluble phosphorus of whole blood of M N 
indicated that the total ester phosphorus was within normal limits. 
WOiether the fraction of phosphate ester which can be hj drolyzed by 
bone enzyme is normal or below normal has not been determined It 
IS hoped that these studies may be continued 

SUilMARY 

The clinical healing of late rickets coincident nith a persistently low 
level of serum inorganic phosphorus has been observed in 2 children 
The retention of calcium and phosphorus observed in each child was 
considered amply suffiaent for the building of bone 

The data herein reported do not offer evidence definitely substanti- 
ating any of the prevalent theones of bone calcification, moreover, it is 
difficult to reconcile certain of these theones with the findings 
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Rapid and dependable methods of gas analysis are essential in the 
operation of tents and cubicles if speafic concentrations of o\>gen 
and carbon dioxide are to be maintained for treatment. From a 
clinical standpoint chemical methods of analysis have the follow mg 
distinct limitations Unless tests are performed at very frequent 
intervals a complete record of variations is not obtained Individual 
determinations are time consuming, usually reqmring from 5 to 10 
minutes, while the apparatus and solutions need frequent attention and 
their correct use mvoh'es considerable technical skill 
Recent application of the thermal conductivity method of gas 
analysis for automatically recording oxygen and carbon dioxide in air 
has greatl> simplified the problem of clinical atmosphere control in 
the atmosphere control room operated at Harlem Hospital Oxygen 
losses due to leaks, or accompanying the opemng of the door are 
promptly indicated on the recorder chart, and can thus be reduced to a 
minimum and compensated by increased flow while the chart is 
obviously helpful in controlling decarbonation The daily record 
promotes economy in operation as well as the safety of the patients 
and by proxndmg an accurate check on the conditions of operation 
It renders them less subject to human factors (I, 7) 

Since thermal conductivity instruments calibrated for the direct 
measurement of oxygen in air, and also for the measurement of carbon 
dioxide in the presence of high and fluctuating oxygen tensions, ha\-e 

‘ Supported by the Committee for the Encouragement of Medical Re 
search and theLittauer Pneumonia Research Fund of New \ork Umieraity 
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hitherto been unavailable, a bnef account vill be presented of the 
instrument, its development and the method of its operation 

THER^LA.L CONDUCTIt m METHOD OF G\S ANA.L\SIS 

Within the past few years considerable impetus has been gnen to 
the technical development and industrial application of gas analvsis 
methods based on differences in specific thermal conductiviU’’ Indi- 
cating and recording instruments ha\ e been devised v hich detect the 
presence of an impurity in a given gas, or of quantitatne Aariations in 
the composition of a gas mixture by means of changes in the tempera- 
ture of an electrically heated platinum filament, which is surrounded 
by a thin layer of the gas to be tested The low er the thermal con- 
ductivity of this gas, the greater wnll be its thermal insulating capacity, 
and hence the higher the equilibrium temperature and the electrical 
resistance of the filament 

The changes m the electncal resistance of the filament are directly 
referred to those of an identical filament, w hich is heated by the same 
current, but is insulated by a standard or reference gas mixture, and 
is contained in a separate compartment of the thermal cell For 
purposes of companson, the ti\o filaments form adjacent arms of a 
Wheatstone bridge, the other two arms of the bridge being thermally 
indifferent mangamn coils of approximately equal resistance, usually 
adjustable by means of a slide ware If the bridge is balanced w'hen the 
two compartments contain the same gas mixture (bv adjustment of 
the slide w ire or by some mechanical means of controlling the rate of 
heat loss from the platinum filaments) any difference between the 
composition of the mixture to be analyzed and the reference mixture 
will disturb the electncal balance of the bndge to an extent dependent 
on the difference between the thermal conductivities of the component 
gases as w ell as on the quantitative change in their relatu e propor- 
tions 

The thermal conductivity of the mixture is not alw ays a linear func- 
tion of the relatix^e concentrations of the components For w ater vapor 
in air, for example, the relation is far from linear, show ing a distinct 
maximum at about 20 per cent w ater x’^apor (2) For carbon dioxide 
in air the relation appears to be linear at least up to 10 per cent carbon 
dioxide For Otygen and nitrogen mixtures there are some apparent 
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departures from a linear relation, possibly due to variations in the 
concentration of contaminating gases such as argon or hydrogen (3) 
In the case of the Engelhard thermal cell, which was used in the 
present studies, the platinum filament is spiral m form and is fused into 
a quartz tube. It is claimed that the rigid support of the quartz 
insures a constant electncal resistance for a gi\^n temperature by 
eliminating variable factors due to tlie thermal expansion and contrac 
don of the bare wire, with attendant changes in mechanical strain 
(3) To prevent the cooling action of a rapid flow of gas, only a small 
portion of the gas stream is by passed through narrow openings into 
the thermal compartment proper 

The Engelhard cell has two devices for adjusting the cell readings to 
zero irrespective of whether the uvo compartments contain identical 
or different gas mixtures One method consists in mechanically 
altering the rate of heat loss from one of the platinum filaments by a 
movable brass sleeve, referred to as the compensating plug The 
sleeve can be raised or low ered by an adjustmg screw , which is situated 
at the base of the compartment and is protected from air leakage by a 
screw cap Raising the sleeve increases and lowenng it decreases the 
rate of heat dissipation The second method of balancing the Wheat- 
stone bndge consists in changing the ratio of the balancing resistance 
wiresbv means of a slide wire screw situated at the top of the cell 
A descnption of the Engelhard instrument, with emphasis on the 
present modification for oxygen and carbon dioxide is given by Hamil 
ton (3) Other types and makes of thermal conductivity cells are 
described by Knipping (S) Rabinowitch and Bazin (9), Palmer and 
Weaver (8) and Hill (4) 

This physical method of analysis is not qualitative, serving merely 
to indicate quantitative changes in the proportions of the known 
ingredients of a gaseous mixture. Every instrument must be empin- 
callv calibrated w ith each type of mixture for which it is to be used 
In testing for v anations of a component that is the only independent 
vanable of a gas mixture, a single by pass thermal cell mav be used 
In this type of cell the gas stream is drawn past only one of the two 
compartments of the cell, the ‘analysis ’ compartment while a mix 
ture of fixed composition is sealed in the other “reference” compart 
ment. 
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When the component to be measured is not the onI\ independent 
variable, and the disturbing gases cannot be eliminated from the 
stream v ith suitable absorbents, a double by-pass cell must be used 
In this type of cell the gas stream is by-passed through both compart- 
ments of the cell, but a scrubber is inserted before the reference 
compartment to remove completely the component, the concentration 
of which IS to be measured 

MEASUREMENT OF CARBON DIOXIDE AND OXYGEN IN AIR MIXTURE 

For the postulated reason that oxygen and nitrogen or air have 
closely similar thermal conductivities, and are thus not to be dif- 
ferentiated readily by the thermal conductivity method, suitably 
calibrated instruments have unfortunately not been hitherto available 
for the estimation of oxygen in air mixtures The impression that 
oxygen and nitrogen are thermally indistinguishable appears to have 
been based upon the recorded thermal conductivity values at a tem- 
perature of 0° C , which IS considerably lower than the temperature 
actually obtaining in the thermal cells (about 75 or 80° C ) 

In Table 1 are presented Eucken's values for the thermal conductivi- 


TABLE I 

Thermal conducltvthes of gases 


Gas 

fc X io« 


0 c 

100’ c. 

0“ c 

100* c 

Air 

56 6 

71 9 



Argon 

38 8 

50 9 

17 8 

21 0 

Carbon dioxide 

33 2 

49 6 

23 4 1 

22 3 

Nitrogen 

56 8 

71 8 

-0 2 1 

01 

Oxwgen 

57 0 

74 3 

-0 4 

-2 4 


Sensitiveness ratio = — 0 017 at 0° C and -- 0 lOS 

CO. in air ka\t — kcOi 

at 100” C 

k IS the amount of heat in gram calories flou mg per second through an area of 1 sq 
cm with a temperature gradient of 1° C per cm It increases ith the temperature 
but IS almost mdependent of pressure The lalues of k are reproduced from Palmer 
and \Vea\ er (8) and refer to expenments by Eucken 
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TABLE 2 

Calibration tests for recorder 


V cJumei per cent o r vti re u 
Jamiary 7-24 1931 


Recorder cell 

DO 28123 

Chemical 

Correction for 
recorder 

' Recorder ceQ 
no 29378 

1 Cbemlol 
, nnols^U 

Correction for 
recorder 

roiwuj p<r cenl 

p€T ctnl 

ro^HMcj p*r emt 

ttJamts P*r cnl 



0 05 

1 Nitrogen 

-005 




17 5 

Room air 

-1-3J 




17 5 

Room air 

-t-3.3 

0 78 



18^ 

Room air 

-f2 3 

0 78 



25 4 

27 04 

-t-1 64 

0 87 



25 7 

26 67 

+0 97 

0^ 



31J 

31 5 

+0 20 

109 

1 11 


314 

31 9 

-f-0 50 

1 It 

1 10 

-0 01 

31 6 

31 8 

+0 20 

1 IS 

1 10 

-008 

34 8 

33 5 

-1 30 

1 22 

1 25 

+0 03 

35 0 

33 7 

-1 3 

123 

1 29 

+0 05 

35 7 

34 6 

-1 1 

2 52 

2 51 

-0 01 

40-5 

38 6 

-1 7 

2 53 1 

254 

+001 

40J 

38516 

-154 


5 10 

+0 07 

41 5 

39 76 

-1 74 


1 


41 6 

39 7 

-19 




42 0 

39 3 

-2 7 




49 8 1 

45 6 1 

-4 2 


1 

1 

501 

45 7 

-4 4 


1 

1 

502 

462 

-4 0 


1 


50.3 

45-3 

-5 0 




549 

50 3 

-46 


1 

1 

549 

50 15 

-4 75 




61J 

55 42 

-608 





\ olumea per cent carbon dioxide 
ApHl7 8 1931 


ties of air, oxygen nitrogen and carbon dioxide at 0” and 100° C (8) 
It will be seen that the values for oxygen and air are almost indis 
tmguishable at 0° but show a greater divergence at 100° At the 
higher temperature the difference between oxygen and air is about 
one tenth of that obtainmg between carbon dioxide and air The ratio 
has a negative sign, because the thermal conductivity of oxygen is 
higher, while that of carbon dioxide is lower than the value for air 
Thermal conductivitj instruments of the single by-pass type are 
available for the estimation of carbon dioxide m air to within about 
±0 05 parts per hundred among others, the Engelhard the Brown 
and the Leeds and Northrup carbon dioxide recorders and the “ka 
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tharometer” of the Cambridge Instrument Co On the basis of the 
ratio quoted above, it is somewhat surpnsing that no attempt has been 
made to adapt these instruments as o'li^gen in air recorders, having an 
accuracy of about 0 5 per cent A single exception, of theoretical 
rather than practical interest, may be mentioned Ledig and Lyman 
(6) descnbe a thermal conductivity oxj'gen m air indicator, constructed 
for respiratory studies under the auspices of the Bureau of Standards 
The results obtained w ith this instrument agreed with chemical analy- 
ses to within 0 05 per cent for both oxygen and carbon dioxide Be- 
cause of the extreme delicac^'^ of the oxygen cell and bndge used in this 
case, the instrument was subject to many disturbing factors and could 
not be converted into a continuous recorder 

Not only has the thermal conductivity method been unavailable for 
oxygen in air measurements, but in addition, when the method was 
applied to carbon dioxide measurements, the disturbing effect of a 
var^'ing oxygen-nitrogen ratio was in general neglected According 

z~ ) shown m Table 1, a single 

«ftlr — «COi/ 100' c 

by-pass carbon dioxide cell with ordinary air sealed in the reference 
compartment should show an error of about 1 per cent in the carbon 
dioxide reading for a 10 per cent change in oxygen concentration, 
increase m oxygen appeanng as an apparent decrease m carbon dioxide, 
and vjce versa Neglect of this source of error is justified only by virtue 
of the usual constancy of the carbon dioxide-oxygen ratio in industrial 
and m metabolic conditions, when the instrument has been calibrated 
under the conditions for which it is to be used In this connection it 
should be mentioned that although Ledig and Lyman followed the 
general custom of using a single by-pass cell for carbon dioxide in air 
measurements, thej'^ nevertheless recognized the disturbing effect of a 
var>nng oxj'gen-nitrogen ratio, and compensated for this source of 
error by special correction factors 

DEXtELOPMENT OF OXYGEN RECORDER 

The de^elopment of a practical recorder for carbon dioxide and oxygen 
in air occurred in the follovrng way In 1928 a carbon dioxide recorder 
with a scale adjusted to read the carbon dioxide directly, up to a maximum 
of ten per cent, was made available for the use of one of us through the 
courtesy of Charles Engelhard, Inc , of Newark, \ J The instrument was 
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of the usual single by pass type and ti-as intended for aheolar air studira 
on patients receitnng oxy gen^nnched air \\T.en appara us preti^ 
unsuitable for this purpose oning to the time lag iniohed and also because 
of the then unsuspected effect of the oxygen, it is as continued in use as a 
part of the equipment of the atmosphere control room for pneumonia 
patients at Harlem Hospital to proxide a conUnuous record of the carbon 
dio\ide content of the air 



Fig 1 Inaccurate Carbon Dioxide Record (Parts per Mille) from 
O x\GEN Chamber with Single Pass Cell 


Here again the fluctuating ox\gen concentration in the oxygen room 
rendered the instrument useless as a carbon dioxide recorder Figure 1 
shows a t>pical example of the inaccurate cur\es obtained in June 1929 
It wnll be seen that the recorder shows 1 5 per cent carbon dioxide as opposed 
to 0 6 by chemical analysis The oxygen concentration determined chem 
icall> at the same time was 28 per cent 

By means of the speaal compensating plug wnth which this particular 
tyF>e of instrument is equipped (see page 605) the cell had been adjusted 
so as to gi\c zero deflection when the analysis compartment contained dry 
carbon dioxide free air drawn from the oxygen room and containing a high 
but undetermined ox>gen content while the reference compartment con 
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tamed ordinarv dned air, free from carbon dioxide We can roiiphU 
estimate this undetermined o\\gen concentration from the error in the 
recorded carbon dioxide '\ssuming a scnsitnitx ratio of roiighh S to 1 
for carbon dioxide and ox\gen respectneK, as \sas indicated b\ subsequent 
tests ^\Ith this instrument, the oxxgen concentration at which the instrument 
had been onginaliv balanced was probabiv about 28 + S(1 5 — 0 6) = 1x2 
per cent Departures from this onginal ox\gen concentration affected the 
accuracy of the carbon dioxide readings, a lower oxxgen concentration gixing 
too high a reading and a higher oxxgen concentration haxing the opposite 
effect 

The aboxe interpretation of the readings shown b> the supposed carbon 
dioxide recorder was not made until December, 1929, when the anomalous 
results obtained w'ere studied more closelj At that time Engelhard, Inc , 
readjusted the instrument by means of the compensating plug to gixe a zero 
deflection xxhen the analysis compartment contained ordinarj drj carbon 
dioxide-free air Subsequent tests xxith dry room air (20-21 per cent 
OX} gen) enriched xvith carbon dioxide shoxx'ed results in agreement with 
Haldane determinations of the carbon dioxide When the instrument was 
later connected wath the dried oxygen-enriched air of the atmospliere control 
room, howexer, a negatixe deflection of the galxanometer was obtained, in 
spite of the presence of about 1 0 per cent of carbon dioxide After testing 
for possible disturbing factors, such as leaks in the pipe lines, or insufficient 
dehxdration of the air current, xx'e notified the Engelhard laborator} of the 
apparentlx inaccurate results, for xx'hich they xxere unable to account 

It then occurred to us that the instrument might be more sensitixe to 
xariations in oxygen concentration than had been generallx assumed 
to be the case To test our supposition, it was necessarx to obserxe the 
free deflection of the instrument in the presence of a xarying ox}gen con- 
centration and under constant conditions of moisture and carbon dioxide 
Since increase in oxygen apparentl} induced a negatix^e deflection, and since 
the mechanical construction of the galxanometer prexented the index from 
sxxinging oxer more than txxo or three scale dixisions beloxx zero, the com- 
pensating plug of the cell x\as turned to unbalance the bridge, causing the 
recorder index to come to rest at about 65/100 of a full scale deflection xxith 
ordinarx' drx carbon dioxide-free air in both the analysis and the reference 
compartments of the cell W hen a stream of dried carbon dioxide free 
air containing about 40 per cent oxygen xxas draxxn through the analxsis 
compartment from the oxxgen room, the galxanometer index retreated to 
the left, as max be seen in Figure 2 The instrument appeared capable of 
registering a slight loss of ox}gen xxhen the nurse’s lock to the ox}gen room 
xxas opened, as xxell as the effect of increasing the rate of oxxgen dehxerx 
to the room W hen connected to an oxxgen cxiinder, a much more marked 
negatixe deflection xxas obtained Calibration xxith a Binger absorption 
apparatus indicated that the sensitixeness toxxard oxxgen xxas roughlx one- 
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Fig 2 Effect on Single B\ Pass Cell of Variations in Oxtcen 
Concentration 


eighth of that shown in the opposite direcDon tow’ard carbon dio-ade It 
IS of interest to note the dose correlation between the sensimaty rabo as 
Oi m air 

determined empincally = - 1/8 and the rauo calculated from 

t-Uj in air 


the thermal conductinty \-alue3 gi\en in Table 1 for 100° C 


Oi in air 
CO; in air 


- 2 4/22 3 = - 1/9 3 


nameh 


Since an accuracy of =t 1 0 or 2 0 per cent is quite adequate for the 
oxjgen control in the climcal chamber the double practical Bigmficance of 
our obsemaPons became at once apparent. In the first place the single 
bj pass cell with gahanometer leads re-iecsed appeared capable of func 
tionmgasan oTjgen recorder for air freed from moisture and carbon dioxide 
In the second place a cell of this type would be useless for carbon dioxide 
determinations of the air from the oxygen room For this purpose a double 
bj pass cell should be used the standard compartment of which should 
receite dned carbon dioxide free air haxing the same oxvgen nitrogen ratio 
as IS present in the dry air drawn through the analisis compartment 
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Fig 3a Carbon Diomde and Ovigen Recorder for Atmosphere 
Control Room at Harlem Hospital Recording Galvanometer 
Showing 1 4 Per cent Carbon Dioxide (Heavy Line) and 58 Per 
cent Oxygen (Lighter Lin'S Red on Original Chart) 
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THE C-\RBO\ DIOMDE A\D OV^GEN RECORDER 

Charles Engelhard, Inc , promptly cooperated uith us to the extent 
of constructing and calibrating a recording instrument for both carbon 
dioxide and oxygen, embodying the principle stated abo\e The 
instrument \\as installed for use at the hospital on Februaix' 21, 1930 
The double and single by-pass cells, for carbon dioxide and ox\gen 
respectively, and the absorption tubes are shoun in Figure 3 attached 
to a vertical panel on the outer vail of the atmosphere control room 
The cells are connected to an especially sensitive 2-point recording 
galvanometer with a 30-second alternating contact The recorder 
(Fig 3o) IS attached to the opposite wall, where it is free from dis- 
turbing vibrations The suction pump and batteries are not shown 
m the photographs 



Fig 4 Carbon Dioxide and Oxigex Recorder Electrical Diagram 

It vas found necessarj'^ to enclose the single by-pass cell in an air 
thermostat, which is maintained at 100° F by current from the 110- 
\olt circuit This precaution was not necessary' in the case of the 
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double b> pass cell which is less sensitive to fluctuations in room 
temperature The current through the two bridges which is mam 
tamed at 240 milliamperes by separate mflliammeters and rheostats 
IS supplied by a 12 volt storage battery The mam electrical connec- 
tions are showm in Figure 4 For charging purposes two batteries 
are kept m constant use, one being connected to the recorder while 
the other is on charge on the 110 D C house circmt, the voltage 
being diminished by 80 ohms senes resistance. The change is made 
daily by the reversal of two double throw switches The battery 
connections are shown in Figure 5 The current for the magnetic 


mTTERY 1 



mmRfz 


Fig 5 Battery Connections 

Two double throw swatches used for retersing battery connections one 
battery being on charge while the other is being discharged through the 
bndge arcuits of the thermal conducbtity cells 

alternating contact of the recorder is supplied through a reducmg coil 
from the 110 volt circuit The small rotary pump used to maintain 
a constant flow of gas through the cells, is not shown in the picture 
It IS lubncated by graphite or Aquadag, since oils are to be avoided 
in the presence of a high oxygen concentration 
Absorbetils It has been found advisable to depart somewhat from 
the absorppon arrangement described by Hamilton (3) m which sodium 
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indroNide sticks 'i\ere used as decarbonating agent and the air to be 
sampled was dried b\ calcium chloride before being split into the two 
streams for the double b^-pass cel! In the first place, sodium h\- 
droNide, both in stick and in flake form seemed poorh adapted for 
decarbonation of the air stream The sticks offer insufficient reacting 
surface and rapidly become coated w ith carbonate, w hilc, except in the 
presence of a high carbon dio\ide and a low moisture content, the more 
efficient flakes tend to fuse into a solid mass w hich clogs the absorption 
tube 

To overcome this difficulty we substituted soda lime (15 per cent 
moisture, 4-6 mesh) as decarbonating agent, wdiile retaining calcium 
chloride of the same mesh for dehydration In the second place, since 
the reaction occurs wath less efficiency from a thoroughly dried gas, we 
arranged for division of the gas samples into streams I and II before 
desiccation, but placed a dr^ang tube after the decarbonating tube in 
the path of stream II This arrangement provides for the complete 
absorption of the w'ater pf carbonation formed according to the equa- 
tion, CO 2 -f- 2NaOH = NaiCOa -k H 2 O 

Our present scheme is showm in Figure 6 Stream 1 refers to the 
dehj^drated air stream w hich by-passes the analyzing compartment of 
the carbon dioxide cell Stream 2 refers to the decarbonated and 
dehydrated air stream which by-passes the reference compartment of 
the carbon dioxide cell and the analyzing compartment of the owgen 
cell 

Glass absorption tubes, measuring 18 inches in length and 1 inch in 
bore, and tapered to a tubular opening at one end, are used in preference 
to w ide tubes or towers since they can be more rapidh replaced and 
cleaned, and the small bore of the single stopper makes them less liable 
to leak The matter of ease in cleaning out the containers is of impor- 
tance since continuous analysis invokes frequent replacement of the 
absorbents Thick-walled dr>'ing towers of the usual type are trouble- 
some to clean, being readily cracked by the heat de^ eloped in dissoh mg 
out the partially caked calcium chloride The dr>nng tubes should be 
supported m a slanting position with the inlet uppermost, so that the 
moist calaum chloride flow s slow ly dow n the tube and cannot flow back 
out of the absorption tube to clog the narrow connecting tubes Large 
U-tubes could conveniently be used The absorption tubes should be 



617 


JESSE G II BULLOWA AND GRACE LUBIN 

changed when the moisture has advanced one-quarter the length of 
the tube. 

Connections and fUro regulation The connective tubing T-pieces 
and stopcocks, shown in Figure 6 are of copper {yi inch) all the 
permanent joints being made w ith copper couplings coated with alu 
tmnum paint To eliminate loss of oxygen the gas stream is returned 
from the pump to the chamber from which the sample was drawn 
For ease m tesPng the recorder with room air or with commercial 
oxygen or m shifting the connecPons from one atmosphere control 
room to another, addiponal inlet and outlet tubes are provided through 



Fig 6 Flow Diagram of Carbov Dioxide and Oxxgen Recorder 

A analj'zing compartment of cell S standard compartment of cell 
COi cell Oi + ISj CO in compartment A Oj -F Na in compartment S 
0 cell O, -f Nj in compartment A normal air mixture (dned) in compart 
meat S 

T piece connections and the connections to the ox->gen chamber can 
be closed by means of tw o stopcocks 

As may be seen from Figure 6, the rate of sucbon may be decreased 
from the maximum capacity of the pump by partially opening stop 
cock 3 m a shunt line connecting the inlet to the outlet of the pump 
The rate of gas flow for the split streams is further and individuallj 
controlled bv cocks 1 and 2 and is measured w ith the aid of glvcenne 
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bubblers 1 and 2 The rate should be the same in the tw o streams and 
should be adjusted to betAxeen SO and 120 bubbles per minute (about 
250 cc per minute) since at this rate of flow neither the double nor the 
single by-pass cell is appreciably sensitive to slight variations in flow 
rate 

Calibration In calibrating the instrument at the factorx', the 


100 



Tek Cent ft sr 'REcoRDEn {Cell>’ 2?i25QuvANonETER’>?9s7s) 

Fig 7 Calibration Curve for Owgen 

Calibration curve for single by-pass cell no 28125, showing relation be- 
tween the per cent scale deflection shown bx the recorder and the volume 
per cent concentration of owgen in the o\> gen-nitrogen mi\tures tested 
The relation is not linear The broken curxe is drawn through three points 
obtained after a shift in the scale readings, x\ hich is discussed in the te\t 
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compensating plugs of the tno cells were adjusted so as to balance the 
two bndges (as indicated by zero galvanometer deflection) n hen both 
compartments of the double by pass cell contained carbon dioxide free 
and moisture free room air, and when the single by pass cell contained 
dry commercial nitrogen in its analysis compartment The sensitive 
ness of each cell was then damped by inserting senes resistance in the 
tw o circuits connecting the cells to the galvanometer The resistance 
was adjusted for the double by pass cell unhl the deflection was eqmva- 
lent in tenths of a full scale to the pier cent of carbon dioxide present 



T’c'rQnj COx 3rT^£cOEa[A (Ccii-n^?! QnunontuR •‘msj 

Fig 8 Calibration Curvb for Carbon Dioxide 

Calibration curve for double by pass cell no 29378 showing relaUon 
between per cent scale deflection and the volume j>er mille concentration of 
carbon dioxide in the gas mixtures tested The relapon is seen to be linear 
throughout the range tested 

m a given oxygen carbon dioxide mixture and for the single by piass 
cell, until oxygen from a cyhnder gave full scale deflection The 
deflections obtained from both cells with gas mixtures of lower carbon 
dioxide and oxygen content were then compared wnth the values shown 
by chemical analysis and the two cells were thus cahbrated throughout 
the range for w hich they vv ere to be used (3) 
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The calibrations were repeated se\eral times after the instrument 
had been installed at the hospital, the cunes obtained (Figs 7 and 8) 
being closely similar to those given b> Hamilton (3) - Before each 
calibration test, the zero point of the gai\anometer was routineI\ 
checked, and the zero point of the cells was tested with nitrogen In 
making the latter adjustment we originally used the compensating 
plug of the cell, described on page 605, but later, at Dr Hamilton’s 
suggestion, adjusted the balance of the bridge by a slight turn of the 
slide w ire screw' provided in the upper part of the cell to change the 
ratio of the resistance of tw'o arms of the bndge 

Slight variations are to be expected in the calibration cun'es for the 
single by-pass cell, depending on the impurities m the compressed 
nitrogen used m adjusting the zero reading and m the compressed 
oxygen used in adjusting the galvanometer series resistance for the 
cell Indeed, readings taken with different cylinders of oxygen mav 
differ by 1 or 2 per cent The presence of these impurities (especially 
hydrogen in the electrolytically prepared commercial oxygen used in 
these studies, and the rare gases of the atmosphere for the various air 
mixtures) largely accounts for the S shape of the oxygen calibration 
cun'e A corrected galvanometer scale can be attached to the instru- 
ment to read directly m parts of oxj'gen per 100 parts of oxygen-nitro 
gen mixture 

Changes in the thermal and electrical balance of the oxygen cell Occa- 
sional shifts have been observed m the readings given by the single 
bv-pass oxygen cell, the cause for w'hich has not been conclusi\ely 
determined A general shift of this sort is showm m Figure 7, m which 
three check tests taken February 14, 1931, fall to one side of the 
calibration cun'e determined from tests on the same cell taken January 
7-28, 1931 It w ill be seen that the instrument gave negative readings 
for nitrogen (using the same cylinder as m the previous tests) and that 
the readings for room air and oxygen were similarly displaced down- 
ward Shifts amounting to 2 or 3 and sometimes to 6 or more scale 
divisions occurred from time to time for the ox>’gen cell, always in a 
downward direction They were usually obsened within a month 
after calibration or adjustment, and, if uncorrected, became progres- 

-The anahtical check tests were earned out b> Henrj Israel 
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sivelv greater In order to correct the cell readings the Wheatstone 
bridge was restored to a condition of balance nith nitrogen in the 
analysis compartment by means of the compensating plug at the base 
of the cell, or preferably by means of the adjusting screw for the bndge 
resistance wires situated at the top of the cell 
Since persistent and progressive shifts of this type were not observed 
for the carbon dioxide cell it seemed possible that the oxygen cell was 
being contaminated by glycerine spray carried over by the gas stream 
from the glycerine bubbler which followed the carbon dioxide cell but 
preceded the oxygen cell m the path of the gas stream To eliminate 
this possibility the bubbler was moved (February 16, 1931) to a posi 
tion following both cells instead of in between the two (Fig 6) On 
February 20, the oxygen cell was adjusted by means of the bndge 
resistance screw so as to read 0 for nitrogen It then registered 100 
for oxygen from a cylinder and between 16 0 and 17 5 for room air, 
in agreement wnth the calibration curve determined a month previously 
About one month later (March 16) the oxygen cell was reading +0 2 
with nitrogen 99 7 to 101 wnth oxygen and 16 6 with room air On 
March 17 the reading for room air was 15 5 and on March 20 it was 
15 8 while oxygen from a cylinder showed 99 0 No appreciable shift 
had occurred 

Check tests earned out ten days later revealed a marked downward 
shift of 5 scale divisions, w hich we were tempted to attnbute to the 
accidental overheating of the oxygen cell to 180° F due to failure of 
the thermostat control on March 25 The cell was readjusted Apnl 
1 when the shift was observed, and continued to record accurately 
for over three weeks Tests wnth room air and nitrogen on June 3 
and 13, however, again showed a downward shift of 3 scale divisions 
The cause remains unknown There has been no mterruption of the 
thermostat control Since a scale shift has not occurred for the carbon 
dioxide cell and since the manufacturers claim that this difficulty 
has not been elsewhere observed for their single by pass cells it may 
perhaps be attributed to some unknown defect of our particular cell 

Time lag The time lag assoaated with the recorder as set up at 
Harlem Hospital is about 8 to 10 minutes This lag is partly due to 
the volume of gas m the absorption and connection tubes and in the 
bubblers, and partly to the time required for thermal equihbnum to be 
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reestablished in the cells after a change in the gas composition This 
factor must always be taken into account in interpreting the record, 
as well as when the instrument index is used as a guide during the 
purging process or in detecting and compensating ox\gen loss due to 
opening of doors 



Fig 9 Sample or Record Sheet of Ox\gen and Caudon Dioxide 
Concentration in Oxagen Chamber and in Oxagen Tent at Harlem 
Hospital 

Tune in hours recorded Acrticalb Concentration of gas recorded 
honzontalh in terms of Aoliime parts per cent for oxegen uncorrected In 
calibration cur\e (recorded at nght on chart), and \olume parts per mtllc 
for carbon dioxide (recorded at left) 
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Interpretation of chart Figure 9 shows a typical sample of recorder 
chart, obtained when the instrument was connected to the oxygen 
chamber (12 20 to 2 20 P M ) and to an oxygen tent (2 40 to 9 P M 1 
The time is recorded vertically in hours, each hour being subdivided 
mto 20-mmute penods The concentration of gas is recorded hori 
zontally The oxygen curve represents volume parts per cent of 
oxygen nitrogen mixture (uncorrected for the scale error of the instru 
ment) This curve is recorded on the onginal record in red The 
carbon dioxide curve (recorded in black) represents volume parts per 
mille of total dry gas mixture There is no scale correction for this 
curve 

SOURCES OF ERROR 

Faulty readings may be caused by one or more of the following 
factors 

1 Disturbance of the muhamcal sero of the galvanometer The 
galvanometer lever is adjusted bj means of a screw on top of the re- 
corder case, and should be set so as to read zero when no current is 
flownng through the galvanometer 

2 Disturbance of the bridge current The instrument is \ ery sensitive 
to changes m bridge current differences of one or two milhamperes 
being registered as a change in the apparent gas concentration With 
proper daily care of the battenes, however, and adjustment of the two 
badge rheostats after the daily reversal of the battery switches, 
the current should not vary appreaably from the correct value of 240 
milhamperes 

3 Leaks in the pipe connections Care must obviously be taken to 
avoid leakage of air into the cells To this end the equipment should 
be assembled with as few tube connections as jxissible 

4 Exhaustion of the absorbents 

5 General shift throughout the cell readings This error may be 
caused by a disturbance of the mechanical zero of the galvanometer, or 
by a disturbance of the thermal and electric balance of the cell 

6 Inaccurate temperature control by the oxygen cell thermostat 

OFERATIKG REQUIREMENTS 

The routine care of the battenes suction pump absorption tubes 
and recording mechanism can be assigned to an orderly but the instru 
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ment should be operated under the supetx ision of a technician familiar 
with chemical and electrical equipment It is essential to carr\ out 
check tests on the instrument at regular inter\als 

Routine care 

1 Absorption tubes (one-half hour to one hour per week) Under 
our working conditions it has been found necessary' to change the 
absorbents at least twice a w'eek and sometimes daily The calcium 
chloride must be renewed w'hen the reaction has extended through one- 
fourth the length of the tube Since no \isible change occurs in the 
soda lime after reaction, a small CO 2 indicating tube containing fresh 
sodium hydroxide flakes can be placed in the line that includes the soda 
lime, after the calcium chloride tube, or a few flakes may be placed at 
the outlet end of this calcium chloride tube Penetration of moisture 
will be indicated by liquefaction and fusion of the flakes, and penetra- 
tion of carbon dioxide by change of the pearly caustic to chalky car- 
bonate 

2 Current control (five minutes daily) The batteries should be 
tested daily with a hydrometer, to insure a specific gravity of at least 
1 215 for the batter^' connected to the recorder, and to prevent over- 
charging of the duplicate battery connected to the 110-volt circuit 
^^e reverse the batter>f switches daily, and, since our rate of charging 
somewhat exceeds our rate of discharging, w'e occasionally gi\e each 
batteiw' a twelve-hour rest period With these precautions, the bridge 
current remains ver>^ steady, and seldom requires adjustment When 
alternating current is available a single battery w ith a trickle charger 
can be used 

3 Recorder The cIockA\ork must be wound once or twice a week, 
the inked ribbon reversed once every" few w eeks, and the chart replaced 
once a month 

4 Suction pump (two hours quarterly) If the recorder is to be 
used w ith high concentrations of oxygen, the rotarx' pump should not 
be lubricated w ith oil because of the resulting fire hazard Glycerine is 
an unsatisfactory lubricant, tending to char, and clog the bearings 
Aquadag, an aqueous suspension of graphite, can be used, but similarly 
causes the beanngs to become clogged from time to time We ha\e 
found undiluted graphite to be the most dependable lubricant The 
pump must be cleaned out once e\er\ few months 
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Fenodtc tests 

It IS recommended that the supervnEing techmcian carry out the 
following tests All tests should be preceded by routine examination 
of the mechanical zero of the galvanometer of the bridge current and 
of the temperature of the oxygen cell thermostat 

1 Once a n eek the recorder should be allowed to analyze a sample of 
ordinary room air in which case the carbon dioxide should read 0 to 
0 1 per cent and the oxygen should read 20 to 21 per cent on the cor- 
rected scale (or 16 to 18 per cent on the uncorrected scale) This 
test IS useful as an mdicaPon of a general displacement or shift in the 
recorder readings for one or both cells (see paragraphs 1 and 5 of the 
section headed Sources of Error) It giies little or no information 
regarding leakage since the air in the cells is closely similar to that 
surroundmg the pipes and connections 

2 If one of the cells gi\es a correct reading but the reading for 
the other cell is appreciably displaced from the correct value, this 
cell should be tested for a general shift (see pages 620 and 621 and 
paragraph 5 of the section headed ‘Sources of Error”) The oxy- 
gen cell which \\^ the cell for which we observed an occasional 
unexplained shift can be tested most readily b> stopping the 
suction pump and forang dned nitrogen or dried oxygen through 
the cells at the usual rate (80 to 120 bubbles per minute through 
each bubbler, or less than one liter per minute for the combmed 
streams) from a cylinder provided with a hospital flow regulator If 
no shift has taken place, and the error was due to leakage into the 
oxygen cell under suction the oxy'gen cell ot the recorder will then 
register 0 with nitrogen and 100 with oxygen If a shift has taken 
place, the readings with room air, with oxygen and with nitrogen will 
show parallel discrepanaes from the calibration curve, as are shown 
in Figure 7 by the oxygen readmgs for February 14 It is adv isable to 
noPfy the manufacturers if the cell readmgs show a tendency to shift 
rather than to correct the shift whenever discovered by adjustment of 
the compensapng plug or the bridge resistance of the single by pass 
cell 

3 At least once a month the recorder should be checked by chemical 
analy-Bis of the air sample The Haldane absorption burette is 

accurate only up to 40 per cent of oxygen We have obtained satis- 
41 
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factor}’^ results uith the absorption apparatus shown m Figure 10, 
which IS adapted to oxygen and carbon dioxide analysis to within 
zhO 1 per cent, the oxygen range extending from 0 to 65 parts per 100 
parts of oxj'gen-nitrogen mixture This apparatus is portable and 



Fig 10 Gas Analysis Apparatus for Carbon* Dioxide and Ox\gen, 
FOR Concentrations from 0 to 65 Volujies Per cent 

A, burette holding 12 cc of gas, graduated 0-65 per cent, in 0 2 per cent 
dmsions B, absorption pipette for oxygen C, absorption pipette for 
carbon dioxide D, three-way stopcock E, leielling bulb with mercuri 

inexpensive We use a 20 per cent solution of potassium hy^droxide for 
the carbon dioxide, and for oxygen absorption soditim hydrosulphite, 
the reaction being accelerated by sodium anthrahydroquinone /3-sul- 
phonate, as recommended by Van Slyke (10) 

The readings on the corrected scale should agree w ith the chemical 
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anal>-sis to \nthin ±0 15 per cent tor carbon dioxide and ±1 5 per 
cent for oxygen 

If the instrument is inaccurate by 0 2 per cent or rriore for the carbon 
dioxide readings or by 2 0 per cent or more for the oxygen readings, the 
cells should be tested for a shift throughout the scale, using room air 
and tank oxygen or nitrogen, as discussed abox e in paragraphs 1 and 
2 If parallel discrepanaes do not appear throughout the scale, the 
error is probably due to exhaustion of the absorbents or to leakage. 
The chemical check tests should then be repeated after renewing the 
absorbents, reseahng all permanent connections with paint, and renew - 
mg all rubber connections It should be stressed that leakage of out- 
side air into the cells will not result in a positive error for the oxvgen 
readings unless the air sample under test contains less oxygen than ordi- 
nary room air The presence of water vapor in the oxygen cell (exhaus- 
tion of the drying agent) may, however, slightly raise the apparent 
oxygen readmg (2) The presence of carbon dioxide in the oxygen 
cell (exhaustion of the decarbonating agent when the gas sample is 
nch in catbon dioxide) will lower the apparent oxygen reading Leaks 
into the double by pass carbon dioxide cell may cause either a positive 
or a negative error 

USE OF KATHAROJIETER FOR rNDICATION OF OXVGEV AND CARBON 
DIOXIDE IN AIR 

A katharometer ’ capable of indicatmg from 0 to 10 parts of carbon 
dioxide in air was put at our disposal for preliminary study through 
the courtesy of the Cambridge Instrument Co Out tests showed that 
this single by-pass thermal conductivity instrument can also be adapted 
as an oxygen m air indicator 

Since the katharometer is not equipped as is the Engelhard instru 
ment with a mechanical means for balancmg the two compartments 
of the thermal cell nor with a bndge slide-wire adjustment, the gal 
vanometer will show a zero deflection only when analysis and reference 
compartments contain thermally identical gas mixtures With dry 
room air in the reference compartment, and the galvanometer leads 
reiersed from the usual position for carbon dioxide indication, the 
instrument indicates an excess in oxygen concentration over the normal 
21 per cent The sensitii eness in terras of scale deflection per volume 


-cJ 
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per cent change m concentration is for owgen about 1/10 of that for 
carbon dioxide Thus, uhereas full scale deflection in one direction 
IS registered for a mixture containing the normal oxvgen-nitrogen 
balance plus 10 per cent carbon dioxide, tank oxygen, containing 79 
per cent more oxx^gen than ordinary^ air, gives betA\een 70 and 80 per 
cent of a full scale deflection in the opposite direction Oxygen defi- 
ciencies (concentrations of less than 21 per cent) will show a positne 
deflection w'hen the galvanometer is connected as for carbon dioxide 
indication 

It wall be seen that the instrument can be made to function as both 
ox-ygen and carbon dioxide indicator for muxtures in w^hich both gases 
vary independently To this end the reference compartment is filled 
w'lth dix"^ room air, the galvanometer leads are connected to a reversing 
switch, and consecutive tests are carried out with a gas sample that is 
both dried and decarbonated and with another sample of the same gas 
that IS dried but not decarbonated The concentration of oxygen, in 
volume parts per cent of the oxygen-nitrogen mixture, wall be given by 
adding 21 to the number of per cent scale divisions deflected in the first 
galvanometer reading, counting the galvanometer reading as positive 
w'hen the leads are connected as to indicate pure oxygen, and negati\e 
w hen the leads are reversed as to indicate pure nitrogen The carbon 
dioxide concentration of the mixture, m parts per mille, wnll be given bv 
subtracting the second reading from the first reading, using the same 
convention as to the sign of the galvanometer reading For example, 
if the first reading should be —5, and the second reading —45 per cent 
of a full scale deflection, the oxy'gen concentration w'ould be 21 — 5, 
or 16 per cent, and the carbon dioxide concentration would be —5 — 

( — 45), or 40 parts per mille 

We did not attempt to calibrate the katharometer for oxygen deter- 
minations nor to check closely the constancy and reproducibility of its 
readings 

Out tests with the katharometer led us to question the present 
method of attempting to balance the water vapor in the two compart- 
ments of the thermal cell by saturating the air samples in both compart- 
ments, instead of bv eliminating the water completely The instru- 
ment is used largely for carbon dioxide determinations of alveolar air, 
which IS presumably saturated with w'ater vapor at about 35° C The 
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closed reference compartment, on the other hand, is provided with a 
moist wick which maintains a saturated atmosphere at an unknon n 
temperature, probably very close to room temperature The tempera 
ture effect on the saturation concentration of the two air samples 
appears to have been overlooked 

In determming the zero reading of the cell the analysis compartment 
is fitted u ith ordmary room air, moistened by bubbling through water 
The resulting partial pressure of water \apor will depend on the 
temperature and on the degree of saturation obtamed by the bubbling 
method, and it may readily vary from 15 to 24 mm of mercury, cor 
responding to from 2 to 3 per cent by volume The water vapor in the 
sealed compartment w ith the moist w ick will correspond to that in the 
analysis compartment only if the temperature and the degree of satura 
tion coincide Certainly the partial pressure of water vapor in a sam 
pie of alveolar air differs from that of room air Assuming the sample 
to be saturated w ith moisture at 35“ C , the water vapor w ould exert a 
pressure of 41 mm of mercury, and its concentration by volume be 
about 5 5 per cent If variations of about 1 or 2 per cent in the volume 
concentration of water vapor affect appreciably the thermal conduc- 
tivity of air, the katharometer readings would be m error unless water 
were completely removed from both compartments At the same time, 
the thermal effect of water vapor, as estimated by two independent 
methods appears to be definitely appreaable. 

From the data of Gross and Schrmck (2) a 7 per cent water air mixture 
has at SO” C a thermal conducbwty equal to that of dry air multiplied bt 
the factor I 02 Eucken s value for the thermal conductivity of drv air 
at 100” C 18 71 9 X 10~* (Table 1) On the assumption that the same ratio 
holds at this temperature, a 7 per cent water air mixture at 100° C would 
hate a thermal conducUvity of 73 3 X lO”* If we make the further 
assumption of a hnear relation between thermal conducUvity and water 
vapor concentrauon within the range 0 to 7 per cent, the thermal con 
ducuntj of air will be increased by 1 4 X 10~*/7 or by 0 2 X lO"* per 
per cent increase in water v apor for this range The difference between the 
thermal conducUvity of dry mr and of carbon dioxide is 22 3 X lO"* at 
100° C (Table 1) If we assume a linear relaUon between thermal con 
ductinty and concentraUon for carbon dioxide in air mixtures, we find that 
the thermal conducUvity of air is decreased by 22 3 X 10-*/100 or by 
0 2 X KT* per per cent increase in carbon dioxide Therefore the effect 
of differences in water vapor concentrauon in terms of volume per cent 
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should for this region be of the same order of magnitude as that of dif- 
ferences in carbon dioxide concentration 

This estimate is in agreement with the results of a test in our laboratory 
on the effect of water xapor in low concentrations, using the Engelhard 
double bj-pass (carbon dioxide) cell Since water \apor, in concentrations 
up to about 20 per cent, increases the thermal conducti\aty of air while 
carbon dioxide decreases it, the galvanometer leads to the Wheatstone 
bridge were re\ersed from their normal position for carbon dioxide Dned 
room air was admitted to both compartments of the cell until a constant 
gaUanometer reading had been obtained The calcium chlonde tube was 
then disconnected from the air stream leading to the analysis compartment 
and when conditions had again become steady a second reading was taken 
This reading was exactly 10 scale divisions higher than the first, a displace- 
ment equal in magnitude (though opposite in sign) to that caused by an 
increase in carbon dioxide from 0 to 1 per cent Wet and dr>' bulb ther- 
mometer readings were 57 4 and 69 2 respecti\ el j , indicating a partial 
pressure of 8 6 mm of mercury due to water vapor, or a concentration of 
about 1 1 per cent water \apor 

Since the effect of w ater vapor in low' concentrations thus appears to 
be of about the same order of magnitude as that of carbon dioxide, it is 
not clear how' the neglect of moisture differences m the use of the katha- 
rometer for alveolar air studies can be compatible w’lth accurate results 

SXIMMARY 

1 Continuous gas analysis is recommended as an aid m clinical 
atmosphere control 

2 A review is presented of the theory of quantitative gas determina- 
tions bj the thermal conductixntj' method 

3 The difficulties attending the application of the thermal conduc- 
tmt> method of analysis to oxygen and carbon dioxide m air mixtures 
are discussed 

4 Tests are presented leading to the adoption of a double by-pass 
thermal cell for carbon dioxide m air measurements, and of a single 
b\ -pass cell for oxx'gen in air measurements 

5 The Engelhard carbon dioxide and oxy'gen recorder is described 
in detail 

6 Sources of error are enumerated 

7 Operating requirements and control tests are listed and de- 
scribed 
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8 The adaptability of 
discussed 


the "katharometer” for oxygen Malysis is 
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AN ELECTROCARDIOGRAPHIC STUDY OF THE 
HEART IN LOBAR PNEUMONIA' 
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(From lie Dtparlmentt oj iMtctne of Now iork atid Cornell Vmversilics and from 
the Third (New York Vnirersity) iledical Division and the Second (Cornell 
Untversilv) Medical Division of Bellevue Hospital New I ork) 

(Re«i\'eti for publication June 9 1931) 

INTRODOCTION 

Numerous electrocardiographic studies have been made m rheu 
maticfcN'er diphthena and other acute infectious diseases (1, 2, 3 4,5), 
but a search of the literature yields relati\ely little information on 
the changes in the heart depicted by the electrocardiogram in lobar 
pneumoma Cohn and Jamieson (6) in a report on the action of 
digitalis in this disease discussed the traangs obtained from fift> 
patients not treated mth digitalis Although certain facts can be 
ascertained from a study of such a group it is nevertheless true that 
a much larger senes gives a more comprehensive picture Further 
more, Cohn and Jarmeson selected largelv the mild cases to serve as 
controls, while those who were severely ill received digitalis There- 
fore, It seemed advisable to study a large unselected group of patients 
to whom no digitalis had been given 

The data forming the basis of this report were obtained dunng the 
course of an investigation on the action of digitalis m lobar pneumoma 
The method of selection of cases, the routine established, and the 
precautions observed are given m detail by Wyckoff, DuBois and 
Woodruff (7) Suffice it to sa>. that an absolutely unprejudiced 
random sample w as obtained for both digitalis treated and untreated 
groups Electrocardiograms were taken daily during the acute or 
febnle penod of the disease and every other da> dunng convalescence 

‘Read before the New ^orL Umversitj Medical Societj October 4 
1930 and the SccUon of Mcdiane New NorL Academy of Mediane 
December 16 1930 
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A control traang A\as taken on all treated cases before anv digitalis 
was administered Dunng the three years of the study 7,480 electro- 
cardiograms Avere obtained on 975 patients, of Avhom 562 received no 
digitalis On 101 patients (10 4 per cent) only one tracing, and on 
89 (9 1 per cent) tw’o tracings w'ere taken For the remaining 785 
(80 5 per cent), the aA^erage number of electrocardiograms per patient 
AAas nine Dunng the first year a Cambridge portable machine AAas 
used, and m the second and third years, a Hindle Mobile No 3 

Since this study deals AA'ith the electrocardiographic findings, 
uninfluenced by treatment (notably digitalis), occurring m lobar 
pneumonia, the analyses AA-hich folloAv are based on the traangs 
obtained from 562 patients A\'ho received no digitalis and on the 
control tracings from 413 digitalis treated cases, taken before any 
digitalis had been administered The study of the abnormal basic 
rhythms hoAA'ever, is based, as aviU be explained later, on all electro- 
cardiograms taken on the 975 digitalis treated and untreated cases 

The material to be presented lends itself to division into three mam 
groups They are (1) heart rate, (2) abnormalities of rhythm and 
(3) abnormalities of conduction The abnormalities of rhythm aauII 
be further subdivided into (a) the abnormal basic rhythms and (b) 
interruptions of the normal basic rhythm 

Heart rate 

Chniaans have for years attached great importance to the heart 
rate m lobar pneumonia A very rapid rate is usually associated 
AAith a scA^ere infection and is generally regarded as indicative of a 
poor prognosis BulloA\a (8) has used this experience in establishing 
a seA'enty rating in lobar penumonia He attached relative numerical 
A alues to degrees of cyanosis, respiratory rate, bacteremia, etc , as 
AAell as to the heart rate, m an attempt to forecast the prognosis 
The increased sca enty of the disease AA'ith the higher heart rates Avas 
acknoAA ledged by a deduction of five points from the patient’s rating 
for eAer>' increase of ten heart beats aboA'e 110 per minute 

No one AAould question that the electrocardiogram is the most 
reliable source for the determination of the A'entncular rate Our 
data therefore, afford an excellent opportunity for the study of the 
heart rate in lobar pneumonia Occasionally, the first tracing shows 
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a slightly higher rate than subsequent ones, probably due to the 
apprehension of the patient Later, the patient is not alarmed and 
It IS possible to record a somewhat lower heart rate which vanes 
betw een rather narrow extremes 

It can be seen from the curves of individual patients in Figures 1, 



Fig 1 Male Age 36 

Illustrates (1) a rapid heart rate dunng fever (2) after the first tracmg 
the remarkable constancy of the heart rate from daj to day in spite of 
fluctuations of temperature. 

Note — In all figures the day of disease, as represented on the absossae is 
calculated from the history of the onset 

2 and 3 that the heart rate vanes wnthin veiy narrow limits and that 
It remains wnthm these narrow limits from day to day during the 
febnie penod even in the presence of fluctuations of temperature 
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That such \anations of heart rate are slight in a large proportion of 
cases IS shown in Figure 4, in which the ma\imum range of heart rate 
during the febrile period for cases with sinus rhvthm is plotted against 
the respectn e incidence of each It is striking that 27 per cent show ed 
a \anation in rate of less than ten beats per minute, and that 66 per 
cent had a maximum range of less than twentj'-one per minute 
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Fig 2 Male, Ace 40 

Illustrates Cl) a relatueU slow heart rate during fe\ er, ( 2 ) the constancy 
of the heart rate dunng fe\er as calculated from the electrocardiogram, 
(t) sinus bradtcardia after the ensis 


W here a large \ anation w as present, it w as found to be associated 
with one of the following conditions (1) a premortal rise in heart 
rate (2) a fall in temperature b\ Ivsis (since the range in heart rate 
includes the entire febrile period), and (3) a fast heart rate in the 
first traang, as noted abote 

It ma\ seem possible that the truth is not reached b\ observations 
made onh once in a twent\-four hour penod, that variations in heart 
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rate dunng the period between clectrocardioRraphic ol)‘icrvationB may 
be missed and that the constancy in heart rate results only from the 
conspiracy of chance obseraations Since the great majonty of cases 
showed a rclatue constancj of the heart rate, this supposition is not 
juspfied Furthermore, in six cases, w hose average heart rates varied 
from 84 to 144 beats per minute, electrocardiograms were taken every 
hour over a penod of eight hours During this period the heart rates 
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lllimrates ( 1 } a relatively slow heart rate during fever (2) the convlancj 
of the heart rate during fevt-r as calculated from the electrocardiogram 

vaned from 6 to 10 beats per minute In view of these farts, hc feel 
satisfied that single daily observapons of the heart rate feven in the 
presence of fluctuations of tempe-rature) reveal the trm variations 
Our data furnish evidence, then, that in ioliar pneumonia the variation 
in rate from dav to day is slight 

In vaew of this fact the value of heart rate as one of the important 
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factors m the determination of prognosis becomes greath increased 
especialK carl\ in the disease when other clinical signs pia\ not be 
clearK defined We ha\e, therefore, studied the ^entrlcular rate in 


OF- CAS&S 

10 20 30 40 50 60 70 80 90 100 



PEI?„CENT OF- TOTAL CASES 
Fig 4 

MwniLM Ran< E IN Heart Rate dlring Fe\er for 349 Cases 
WITH SlNLS Ru\THM 

all tracings taken before cnsis, Ksis, or death including the control 
electrocardiograms of patients treated with digitalis A tabulation 
of these traangs was made according to the da\ of the disease on 
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which thc\ were taken This wa*; done separatcK for tlie reco\crcd 
and fatal ca«e=:, and the results are shown in Table 1 It ma\ be 
stated peneralK that nearh two-thirds of the electrocardiograms 
taken on patients who subsequentK recotered showed \entncular 
rates under 110 per minute regardless of the da\ of the disease on 
which the rate was recorded, and con\erseh, that more than two- 
thirds of the tracings obtained from patients who later died showed 
\entricular rates oxer 110 per minute It max" also be seen that the 
poor prognosis of a high xentncular rate becomes worse as it occurs 
later in the disease 

This conclusion suggested to us that we might arrange the data 
in the form of a life expectancx" table (Table II) Although this is 
based on the number of electrocardiograms rather than on the number 
of patients, it clearlx indicates the general trend of mortahtx for the 
different rate groups throughout the febrile period 

It is noteworthx that a fair number of tracings (113 per cent) 
show heart rates of 70 to 89 per minute during the penod of fexer 
It might be assumed that in these cases the temperature was propor- 
tionatelx' loxx , but as a matter of fact, in man> the temperature was 
xerx high We haxe selected the charts of two patients showing this 
condition and haxe reproduced them in Figures 2 and 3 

Exceedinglx' slow heart rates due to sinus bradycardia were not 
uncommon after the temperature had become normal At some time 
dunng conx alescence, heart rates of less than sixtj per minute were 
noted in 105 patients (32 per cent) not treated with digitalis who 
rccoxered Nineteen patients (4 8 per cent) had rates between 40 
and 40, and one shoxxed a sinus bradxcardia of 38 per minute in 
one tracing 

From our data xxe haxe thus far demonstrated that the heart rate 
IS remarkablx constant from dax to dax during the febrile period 
We haxe al=o shown that xxith higher heart rates the expectancx’ of 
life diminishes, this relationship being exen more pronounced in the 
later daxs of the disease We haxe noted the occurrence of heart 
rates slow in proportion to fexer, and of smus bradxcardia during 
conx alescence 
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‘\hnortiiahties of rhythm 

n Abnorn.al basic rhvthms Auricular fibrillation and flutter in 
lobar pneumonia lia\e rcccncd considerable attention, particularl\ 
from the standpoint of prognosis and treatment In our senes of 
97 S cases (digitalis treated and untreated) auricular fibrillation and 
flutter occurred in 35 instances (3 6 per cent) In additon to auricular 
fibrillation and flutter, we ha\e included paroxtsmal tach\cardia and 
wandering pacemaker as disturbances of the basic rlnthm of the heart 
These irregularities were recorded by the electrocardiograph in 51 
cases \\ ith more frequent tracings a higher incidence w ould probabh 
ha\e been found as all of these arhvthmias were paroxysmal in nature 
with the exception of ten cases of persistent auricular fibrillation 
Because the number of cases in each categorx is so small and because 
the incidence is found to be approximately the samg for digitalis 
treated and untreated groups (Wyckoff, DuBois and Woodruff (7)4, 
in dealing with these abnormal basic rhythms we haxe included also 
the electrocardiograms of patients who received digitalis 

In the first analysis of abnormal basic rhx'thms (Table HI), there 


T\BLE III 

Inctdci ce of abnormal basic rlnthms in 975 cases * and associated morlalil\ 


Tjtk* of '\rh>'ihmla 

Number of ca«c« 

Incidrncc 

Numbt-r died ' 

MorUiIitj 

\uncular fibrillation | 

27 

prr cent 

2 8 

17 

prr cei 1 

6^ 0 

\uncular flutter j 

lot 

1 0 

7 

70 0 

I’lrowsnial tachxcardia 

6 

06 

4 

66 7 

\\ andenng paccnial cr i 

8 

08 

4 

50 0 

Total — all tapes | 

51 

5 2 

32 

1 62 S 


T hi. mortaliu of the entire senes excluding the patients with nbnormil basti 
rh\ thnis {‘^24 ca'^is) was 34 3 per cent 

• In this table lioth the digitalis treated and untreated cases are included 
t Two of the ca'iOs of auncular flutter al«o showed fibrillation and hare been 
inrluderl in both grouji^ 

are two outstanding facts to be noted, namely, their surprisingK low 
incidence and their consistenth high mortality The mortality for 
the \arious txpes of arhy thmias ranges from 15 per cent to 35 per cent 
higher than the gross mortalitx for all cases with sinus rhxthm, and 
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the at^erage mortality for all the arhythmias is 28 5 per cent higher 
Smce in the general senes of pneumonia patients the older age groups 
show a much higher mortality than do the younger, a difference 
especially striking abo\^ and below forty the very high figure for the 
arhythmias might be thought to be due to tire fact that a large pro 
portion of them occurred in the older age groups It is indeed true 
that the incidence of arhythmias (Table IV) in patients over forty is 


TABLE 11 

Thf tncidtnct and martalxty of cases mtk abnormai baste rhythm compared vnth stnus 
rhythm far the ace croups above and beloso forty years * 



'' Abnonial batfe rtv-thmi j 
1 SI caccs 

!. 1 

Sout rfa^tUm 

924 cue* 

Uoder40 

0\Tf 40 

Under 40 

Over 40 

Number of cases 

9 

42 

446 

478 

inadtnee #>ef ceni 

17 6 

82 4 

483 

1 517 

Mortality per ceni 

55 6 

64J 

22 2 

45 7 


• In this table both the digitalis treated and untreated cases are included 


nearly five tames that in patients below that age, while the incidence 
of smus rhythm is practacallj the same m both age groups However, 
in cases wnth sinus rhythm the mortality rate over forty years of age 
is twnce that under forty, whereas the occurrence of abnormal basic 
rhythms raises the mortality of both age groups and makes them 
more nearly equal This comparison indicates a marked increase in 
mortality when disturbances of basic rhydbrn occur regardless of the 
age of the patient It was thought possible that arhythmias developed 
chiefly in the more severe types of pneumonic infections Therefore, 
a comparative study of the incidence of the pneumococcic types was 
made and the distribution found to be essentially the same for these 
arhythmias as for smus rhythm One must therefore conclude that 
the dei'elopment of an abnormal basic rhythm in the course of pneu- 
monia seriously affects the prognosis by its on n influence 
b Interruptions of the basic rhythm Premature contractions are to 
be considered as interruptions of the basic rhythm of the heart It is 
obvious that for their analysis electrocardiograms taken on digitalis 
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treated ca^cs mu'^t be excluded The difTerent t\pes of premature 
contractions ha\e been studied separateh and their incidence and 
morlahu are shown in Table V The occurrence of ^entrlcular 


TABLE \ 

Incidence and mortality of cases scilh premature contractions 


Ti i>c of contraction 

Number of cases 

Incidence 

Number died 

1 Mortilltj 

\ entncular onlj 

32 

pn ctnt 

5 7 

10 

pn ent 

31 3 

Auncular or nodal alone, or in 
combination with \ entncular 

33 

5 9 

14 

42 4 

Total — all tapes 

65 

11 6 

24 

36 9 


premature contractions alone does not seem to influence the prognosis, 
for the mortality figure (31 3 per cent) of cases showing this tvpe of 
premature contraction is almost identical with that of the entire 
senes (31 2 per cent) Wlien the auricular or nodal premature 
contractions occur alone, or in combination wnth \ entncular premature 
contractions, the mortality rate is somewhat higher An explanation 
for this IS suggested by the data in Table VI, in which the association 


TABLE \i 

Association of abnormal basic rhythms with premature contractions 


T> pc of premature contraction 

Number 

of 

Tho^c associated v.Hth 
abnormal basic rb>tl»m5 

ca«e5 

Number 

per cent 

\ entncular onl\ 

32 

2 

62 

Auncular or nodal alone, or in combination 
with \a;ntncular 

33 

6 

18 2 


of the \arious txpes of premature contracbons with disturbances of 
the basic rh\thm is tabulated The inadence of x entncular pre- 
mature contractions in assooation with arhythmias is low as compared 
WTth that of auncular and nodal premature contractions This fact 
might account for the slightK higher mortality in the latter group 
It max be of interest to note that of the 33 cases showing auncular or 
nodal premature contractions, 24 occurred alone and 9 in combination 
with the X entncular txpe 
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It 13 e^^dent that when the basic rhythm of the heart is altered the 
prognosis is not nearly so good as when a sinus rhythm is continuously 
present However, the occurrence of ventncular premature con 
tractions alone should not be regarded as a poor prognostic sign 

AhnormaUUes of conduction 

The occurrence of aunculot'entncular block in patients receiving 
no digitalis is not rare. Using the criteria of Lewis and Gilder (9), 
that the upper limit of the normal P-R interval is 20 second, in our 
senes of 562 cases we noted prolongation of aunculo-ventncular 
conduction time in 51 (9 2 per cent), dropped beats m three (0 5 per 
cent), and complete dissoaabon in none Cohn and Jamieson (6) 
did not mention the occurrence of heart block in fifty digitalis control 
cases, but they were pnmanly interested in the maximum change in 
the P-R interval They found no case in which the P-R interval 
increased more than 04 seconds during fever In two cases they found 
a decrease exceeding that figure In order to make our figures com- 
parable to a certain extent with those of Cohn and Jamieson, we 
have determined the maximum range in the P-R interval for our 
cases of prolonged conduction time (Table VII) Over 85 per cent 
showed a change of 04 second or more In Table VIII the rmnimum 

TABLE vu 

Jfonmum range of P-R tnlervaU in 51 cares of prolonged conduction lime 
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P-R interval are gnen, and it ma\ be ^ecn that all but two cases 
‘showed at =omc time what ma\ be considered a normal P-R interval 
Prom Tables IX and X it is shown that in 50 per cent of the cases 


TARLE i\ 

Rrirlior of :i creased 1-1 cottductwn time to fever tii 562 cases 



1 ebn!^' 
pcncnl 

Vftbnlc 1 
period 1 


Nuniljcr of cv'cs 

11 

40 

51 

Pcrfcnnttc of ns''S 

21 6 

7S4 

100 

\umticr died 

3 

0 

3 

Numficr httr showinil nornnl P-R intervil 

5 

■■ 

25 

Percent 'uo rtstorerl to norrml P-R tntcrvvl 

45 5 

H 

49 0 


TADLE \ 

Incidence of increased 1-P conduction time according to days after crisis 


1 

i 

D iv i*t<.r cii i« 

I rolonccd P-R interval 

i 

Restored to normal P-R Inttrtal 

I Number of 
c\ c« 

Incxlencc In 

40 ci'cs 

Number of 
cajc' 1 

PercentaK'' 



/•rr cent 


fer cent 

1 1 1 

22 

55 0 

11 

50 0 

4 5 (> 

7 

17 5 

1 

14 3 

7 5, 0 

6 

15 0 

5 

53 3 

10 11, 12 

1 

2 5 

1 

1 100 0 

1'' 14 

4 

100 

2 

50 0 

Ml dlN- 


100 0 

20 

1 

50 0 


Note There were no cases in which the P-R intcrcal first bccnnic proIon(,ctI 
1 Iter than the 14th da> after the ensis 


With increased A-\ conduction time, the P-R interval was restored 
to normal at some time during our observation This seems to 
indicate that the changes in conduction are definiteK related to the 
di'C ISC 

In certain other diseases, nameh , rheumatic fe\cr and diphtheria, 
ekctrocardioeraphic changes found in the afebrile period are admitted 
■"s evidence that the mvocardium has in some wav been involved 
CnSn 'iid Jamie-on i6) excluded from the analvsis of their pneumonia 
-cne- all ca-C' in whieh the increa'^e in conduction time occurred 
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dunng the postcnbcal penod, whereas we have included them 
Cohn and Sw ift (1) m a report on the electrocardiographic e\ndence of 
myocardial involvement m rheumatic fever consider a prolongaPon of 
the P-R intenal during the afebrile penod, as well as dunng the 
febnle penod, as evidence of m\ocardial involvement Heart block 
m diphthena occurs not only in the acute stages but later in the 
disease for instance Parkinson (10) reports a case of heart block 
occurring on the twenty third day It therefore seems reasonable to 
consider as significant, similar changes occurnng in lobar pneumonia 
In Table IX we have compared the inadence of prolonged conduction 
time before and after defervescence Although the major part 
(78 per cent) first shows a prolongation of the P-R interval after the 
temperature has reached a normal level, still in an appreaablc number 
(22 per cent) block first appears during fever In the latter group of 
eleven, nine cases had a maximum conduction time of 22 second 
and two, of 24 second 

In the postfebnie period auriculov’entncular block occurs first very 
soon after the temperature has become normal In Table X we have 
correlated the first appearance of increased conduction time in the 
convalescent period wath the number of days elapsed after the cnsis 
or, if defervescence was by Ij'sis, with the number of days after the 
temperature became normal Over half of the pabents developed an 
increased P-R interval dunng the first three days of convalescence 
and in approximately one half of these cases the conduction times 
returned to normal while the patients were still under our observation 

The factor of heart rate must be considered in relation to prolonged 
aunculoventncular conduction time Lewis and Cotton (11) have 
shown that after exerase, the increase in heart rate is accompanied 
by a reduction in the P-R interral Cohn and Jamieson (6) noted 
that at the height of the fever in those cases of lobar pneumonia 
shownng a rapid heart rate, there was a reduction in the aunculo 
ventncular conducuon time We have correlated heart rate with 
increased conduction time, and in 34 7 per cent of our cases showing 
this change increasing P-R interval occurred simultaneously wath 
slowing of the heart rate. However, in S2 1 per cent no such correla 
tion could be found and in 13 2 per cent the P-R interval actually 
increased as the v entncular rate increased 
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\ nnous c^ndc^: of intra\ entncular block, and in a few cases complete 
bundle branch block were found in both digitalis treated and un- 
treated groups In the first two \ears of this stud\ mea'^urements 
were not made of the duration of the Q R S group and onK frank 
ra=es of complete bundle branch block were noted There were two 
‘:uch cases, one in each \ear Both had the same degree of bundle 
branch block throughout and both died It is possible that the 
block existed before the pneumonia de\ eloped and that the occurrence 
here is mereh a coincidence In the third jear, accurate measure- 
ments of the width of the 0 B. S group were made on excr^ tracing 
A total of nineteen cases (9 3 per cent) were found with Q R S width 
exceeding 10 second during some part of the disease The mortaliU 
in this group was onl\ 26 8 per cent, which compares fa\orabl> with 
the gross mortality for the third year of 28 2 per cent Elc\ en of 
these cases had a prolonged Q R S group on the first tracing and 
continued to show intrax entncular block on each subsequent tracing 
It IS likely that the intrax entncular block antedated the pneumonia 
Incidentally, onl\ three of the eleven patients died, a surpnsingK low 
mortahtx , considering the significance that is ordinarily attached to a 
wideQRS group The other eight patients developed intraxentric- 
ular block dunng the course of the disease Two of these patients 
died It is noteworthy that two patients did not dexelop an intra- 
\ entncular block until after the temperature had become normal, 
indicating again that actne changes in the heart do not terminate 
w ith the crisis 

Changes -in the S-T segment and T v-ate 

An indixidual case in which there was marked elexation of the 
R-T segment with plateau-hke T waxe has already been reported bx 
Shearer (12) A few cases shoxxing similar changes of much less 
marked degree w ere also noted 

A change in direction of the T xxaxe from an upright to an inxerted 
position in Lead III of the electrocardiogram x\as observed in 14 4 per 
cent of patients not treated xxith digitalis, and in Lead I or in a combi- 
nation of Leads I and 11, or II and III, in 2 4 per cent of cases T 
waxai inxer^inn in Lead III alone is known to be associated frequentlx 
\ ith re-pirato'-v changes, but inversions m other leads are more 
p'ob-'blx related directlx to the pneumonia 
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Other changes in the form of the T wave and S— T segment were 
observed, but because of the lack of sufficient data wnth reference to 
the degree of variability of their form in the normal electrocardiogram, 
a detailed analysis has been avoided 

Serum therapy and the electrocardtogram 
About one third of the cases studied m our series received intensive 
treatment ivith speafic antipneumococcus serum Thus, the possible 
influence of the administration of serum on the electrocardiogram w^as 
mvesbgated The madence of abnormalities of rate, rhythm and 
conduction was found to be practicalK the same in the serum treated 
and untreated groups Increased aunculorentncular conduction time 
during fever occurred somewhat more frequently m serum treated 
cases However, there being a total of only eleven such cases, this 
fact cannot be made significant It may therefore be stated generallj 
that the serum administered does not influence the electrocardiographic 
findings 

soiaiARY 

From the data w e hat e presented it is evident that although electro 
cardiographic changes in lobar pneumonia are not so frequent as in 
certain other diseases, notably rheumatic fever and diphthena, they 
occur often enough to be of significance In approximately one 
quarter of all our cases, transitory changes were detected by the 
electrocardiogram at some time m the course of the disease 10 per cent 
showed abnormalities of rhythm, 10 per cent showed disturbances of 
conduction, and in a small proportion, 2 4 per cent, inversions of the 
T wave other than in Lead III were noted 
A remarkable fact is that many of these changes occurred first m 
the postfebnle period Marked sinus bradycardia, prolongation of 
aunculowntncular conduction time and intraventricular block oc- 
curring dunng convalescence have already been discussed Also in 
two instances auncular flutter appeared after the temperature had 
begun to fall by lysis, and m the case reported by Shearer, the maxi- 
mum degree of change in the R-T segment did not develop until the 
temperature had begun to fall The evidence seems to indicate that 
whatei-er changes the pneumonic infection produces in the heart, 
these changes persist into, and may appear for the first time in the 
afebnle penod 


1 
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While specific pathological changes in the heart ha\e not \et been 
demon'itrated in pneumonia, we do not feel that this militate^; against 
the interpretation of our finding'^ We do not attempt to place thc^e 
ob'Cr\ ation=; on an\ delinite structural basis 

CONCLUSIONS 

1 riie heart rate is a \aluable guide to prognosis throughout the 
course of lobar pneumonia The CNpcctanct of life diminishes as the 
heart rate increase^ this correlation being c\en more pronounced in 
the later da\ - of the disease 

2 The heart rate in pneumonia in a large proportion of cases 
remains fairh constant during the febrile period, with onl\ slight 
aanations from da\ to dae and in manv instances despite fluctuations 
of temperature 

1 Slow heart rates mac occur in pneumonia e\en in the presence 
of high temperatures 

4 \bnormahties of rh\ thm occur in about 10 per cent of our cases 

a Abnormal basic rlu thms arc found m about 5 per cent of cases, 

and m these the prognosis is poor 

0 The occurrence of premature contractions of e cntricular origin 
does not alter the prognosis Premature contractions of auricular or 
nod il origin nia\ lessen the chances of reco\ er^ 

7 ( oiiduction defects m lobar pneumonia occur m about 10 per 
cent of our patients not treated with digitalis 

5 In lobar pneumonia disease processes are actnc in the heart c\en 
after the temperature has become normal R\ idence to support this 
statement is found in the occurrence of auriculoa entricular and 
intraa cntricular block and smus bradacardia m the afebrile period of 
the disease 
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PROCEEDINGS OF THE TWENTY-THIRD ANNUAL MEET- 
ING OF THE AMERICAN SOCIETY FOR CLINICAL 
INVESTIGATION HELD IN ATLANTIC 
aTY, N J , MAY 4, 1931 


The Effect of Phosphate Iiigcstioii m Cltmcal H\perparathyroidism unth a 
Note as to If hat This Teaches Us Concerning the Phystologt of the 
Parathyroid Glands B> Fullxr Ax.b»ight and (bv invitation) Jessie 
Reed Cockrill, Boston Mass 

HvperpaTathvi-oidism is associated with four well recognized alterations in 
calcium and phosphorus metabolism (1) hypercalcemia (2) hypophos 
phatemia, (3) hypercalcmuria, and (4) hyperpbosphaturla According to 
tile theory of Albnght and Ellsworth these are interrelated facts and de 
pendent on a primary action of parathyroid hormone on phosphorus me- 
tabolism, They believe the administration of the hormone produces an 
increased unnary phosphorus excretion with a resulting decreased serum 
phosphorus level The calcium deviations from tlie normal are, they believe, 
secondary to and dependent on the phosphorus changes As a test of this 
theorv phosphate by mouth ivas administered to patients with clinical hyper- 
parathyroidism in the hope that this would raise the lowered serum phos- 
phorus that the raising of the serum phosphorus would lower the serum 
calaum and that the lowenng of the serum calaum would decrease the 
calaum excretion in tlie urine This was accomplished in bvo patients and 
the data of one of these patients are briefly presented Inasmuch as the 
metabolic abnormalities of hyperparathyroidism can be altered m the direc- 
tion of normal by influencing the phosphorus metabolism, support is added 
to the theory tliat the parathyroid hormone produces these alterations in the 
first place by acting on the phosphorus metabolism 


Direct Measurements of the Oxygen Consumption of Isolated Beating 
d uncles from Normal and Thyrotoxic Guinea Pigs By Donald Mc- 
Eachern (by inwtation) aaid E Cowles Andrus, Baltimore Md 
Last year a report was made before this society showing tliat the auricles 
and the hearts of thyrotoxic animals continued to beat when isolated, at a 
much faster rate than similar preparations from normal animals. This 
seemed to mdicate a persistence of the specific thiroid effect on the isolated 
tissue. It seemed of interest therefore to study directlv the ovygen con- 
sumption of these preparations 

In a modified Warburg respirometer direct estimations were made of the 
oxvgen consumption of isolated auricles from normal and tliyrotoxic guinea 
pigs In a senes of over 80 experiments the oxygen consumption of the 

653 
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1 itt(.r prcpir'ilioTT; was fount! to be Rrcattr tlnn tint ot tlic nornnis For 
a ^(.riL'- ot auricles weighing between 10 and 20 ingni ' the increase aiuountcd 
to 7 5 per cent tor a senes weighing between 21 and 30 nigni . 11 per cent 
and tor a senes weighing between 31 and 40 lugni the increase in o\egen 
U'- iniountcd to 20 7 jier cent abo\e that of the nornnK 

riie'-e increases are considered greater than can be accounted for In the 
simple increase of rate of beat in the preparations from tlnrotoMc aniiiials 
Tile increased oN\geii use is thought to indicate an cnlnnced rate of metab- 
olisni in the isolated tissues due to the action ot tluroMiie F\periiiicnts 
are under wa\ to dcteniiine the same point in regard to resting tissues 

//it / ffiCts of Pttmlar\ -liiti-Dturcsts iii Lpilcps\ B\ Ir\inf McQuarrif 
and (In ii\ Ration) Damfl Peelfr Minneapolis, Mimi 
1 be relationship preeiousK sbowai to cNist between the state of ludration 
of the bod\ and the occurrence of seiFures in seeereh epileptic children lias 
liceii tound to bold also for e irl\ or mild cases under special conditions 
Hcretotorc no satistactore method has been aeailable for the earh diagnosis 
ot the disease c«peciall\ during the long free intereals between attacks 
The present stud\ has demonstrated, howeaer, that coniulsions or petit mal 
sciFurcs can be induced almost at will in these patients b\ placing them on a 
special regimen with low mineral and relatneh high water intake while ad- 
ministering the anti-diuretic principle trom the Inpoplnsis cerebri at suf- 
ficiemh frequent inter\als to present water diuresis SeiFurcs occurred 
regularK in a fairh large senes of epileptic subjects when amounts of 
water equaling from two to four per cent of the hod\ weight had been re- 
tained Non-epileptic control subjects did not lia\e seizures of am kind 
under the same or e\en more rigorous conditions 

1 hat the conaailsne reactions so produced are not due to the direct pressor 
action ot the CNtract on the cerebral eessels nor to increased intracranial 
ine'-siire pir sc has been fairle satisfactorih shown Under the conditions 
of this special procedure the extracellular hod\ fluids prohahh liecomc 
sufncientK diluted to cause imhihition of a large excess of water h\ the brain 
cells I’relimmarv data point to a resulting disturbance in the ionic equilib- 
rium between the fluids on the two sides of the cell membrane When an 
imount of \aCl calculated to he just sufficient to preeent this dilution was 
aiULd to the diet seizures either did not occur at all or occurred onU after 
i much greater gam in \ eight had been produced The more or less specific 
re--;ion'e ot epileptic patients to this procedure suggests that the inherent 
lu ictional ah lormaltti ot the brain cells which is eagueK alluded to In 
\ariou' authors ns characterizing the chronic coneatlsne state, nia\ he 
h'oagli* to light h\ turther investigations along this line 
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The Effect of Epileptic Convulsions and the Ketogeme Diet on Water Bal- 
ance By Frank B Bykom (b> invitation) and Russell M. Wilder 
Chicago III 

Water balance studies were made in three epdeptic patients, using methods 
based on the work of Benedict and Newburgh 
Tlie indmdual convulsions of epilepsj usuallj proioke a loss of water (up 
to 1000 cc ) jet subseriuent convulsions maj occur witliin a few hours of 
Audi dehjdration, and he absent in tlie reactionarj period of water retention 
These fluctuations comade with the alterations in sodium excretion described 
b) Gamble and Hamilton 

A ketogeme diet induces an initial loss of lOOO to 2000 cc, of body water 
A witlidrawal of fixed base (sodium) accompanies it 
Attacks maj occur despite sudi dehydration. Coincident with the adequate 
mohiliaation of tlie urea ammonia mechanism for economizing fixed base 
the rate of water loss diiiiinislies and equilibrinni is reestablished at a lower 
lei’el A temporary negative nitrogen balance also occurs 
These expenments indicate that when Oie bodv water is allowed to adjust 
Itself in response to fluctuations in fixed base the onset of the convulsion is 
not simply determined h\ the levd of body fluid, 

■Osniotie Pressure and Electrolyte Concentration of Blood Scriiin in Acute 
Alcoholic Iiitofiealion and in the Acute Ps\cho3cs of Chrome Atcohol- 
tsni By Rov H Turner New Orleans La, 

Blood serums from se\-enteen individuals in various stages of acute 
alcoholic intoxication and seven patients suffering from acute psychoses of 
chronic alcoholism have been studied Total osmotic pressure was determined 
by crjoscopj The chemical determinations made were total fixed base, 
chlorides CO, content albumin and globulin inorganic phosphate glucose 
nonprotein nitrogen and alcohol Osmotic pressure was calculated from the 
results of chemical analyses and calculated values were compared with de 
tennined values 

In the individuals with acute alcoholic intoxication osmotic pressures due 
to electrolytes were within the normal range no marked disturbances of 
acid base equdibrium were found Tlie total osmotic pressures were found 
to be increased roughly proportional to the degree of mtqxication being 
above the physiologic range in all who were definitelv intoxicated and 
reaching levels above 370 osmolar millimoles in comatose individuals The 
increased osmotic pressure was due chieflv to alcohol in the serum 

In four patients showing acute psycliosis of clironic alcoholism, total elec- 
trolyte concentration was less than normal though total osmotic pressure as 
determined was normal In another such patient though total electrolyde 
concentration was normal base bound by organic aads was greatlv increased 
and diloride concentration was greatly diminished. The serums of three 
■other patients with mild brief symptoms showed little tliat was abnormal 
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It IS '=uc:pc<i<-a tint the increased o>;niotic prc'-sure ot tlic blood scrum in 
acute alcoholic intoMcation nia\ pla\ an important part in the diMiirbcd 
])h\ ‘^lolotra and in chronic alcoholism ma\ bring about undue loss of bod\ 
clcctroKac which along with inadequate elcctrohte intake ma\ result m 
diininnhed clectroKtc concentration in both fluids and cells and therein 
plat an important part in the production of delirium tremens and alcoholic 
hallucinosic The relationship of these findings to t’arious clinical features 
of alcoholism is discussed 

Spitwl Fluids 1)1 Hxpcrlciisnc Disease B% Tamfs P 0 Harf and (.b' mtita- 
tion) Samlfl a Sheuilrne and Daniel Blain Boston, Mass 
In an attempt to find out whether lumbar puncture might be used as a 
therapeutic agent in iu-pertensue conditions we submitted fiftt patients with 
high hlood pressure to this maneuxer The dtnamics of the spinal fluid 
were in\estigatcd together with the blood pressure, the condition of the 
optic discs, \-ra\s of the skull and the renal function The results of the 
studies ma\ be summarized as follows 
Spinal fluid pressure was found to be incre.ased in twent\ out of fift\ cases 
of Inpertension, or fort\ per cent The increased pressure occurred inde 
pendenth ot renal function but was more often associated with renal in- 
sufncienc\ Increased spinal fluid pressure was in e\er\ case associated 
with edema of the optic discs and higher spinal pressures seemed paralleled 
b\ greater choking In e\er\ case but one increased spinal fluid pressure 
was associated with a diastolic blood pressure of 120 mm Hg or more, 
ilthough there were eight cases of diastolic blood pressure abo\e 130 with a 
normal spinal fluid pressure The aaerage blood pressures in the cases with 
increased spinal fluid pressures were about twent\ points higher in both the 
s\stohc and diastolic phases X-ra\s of the skull showed increased pressure 
markings in onU two out of thirt\-two cases These two were m patients 
who showed increased spinal fluid pressure Headache was more frequent 
with increased spinal fluid pressure but occurred without it 

Fo-iKrs Solution in the Triatmcnt of Chrome M\elogeiious LutlLUita Bv 
Ci„*iLtiE E Forknep, T F McXair Scott (be ineitation) and Gforgf 
R Minot, Boston, Mass 

Mcihcal literature prior to 1903 contains numerous reports concerning the 
\aiue ot ar'-enic in chronic nuelogenous leukemia Distinctne data regard- 
ing the effect of this element arc few Thee indicate, hoeeceer, that the 
administration of Toeelers solution mae reduce the number of circulating 
eehite IiIockI cells in Iculemia and cause clinical improecment 

\\ ith the adeent oi roentgen rae treatment the administration of Foeeler s 
so’u ion lell into disrepute 

Tlic efTect- oi Foeeler s solution haee been studied in ten cases of chronic 
rietl'gc lojs IcuVenna Nine ot these cases haee shoe n the follov ing 
re-j" i-e- n trcatnitnt bn u^ht about in ironi three to flee eecels 
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(o') The total number of white blood cells was reduced to near normal 
limits or even to below normal 

(b) The immature cells pnicticall> disappeared from the blood. 

(cl In ever, case the progress of the anemia was arrested and in roost of 
the cases the red blood cell and hemoglobin values rose to near the normal 
(d) The blood platelets remained in normal or moderately increased 
numbers even in the leucopenic phases 

(c) The spleen and liver were reduced in size in all cases In two cases, 
each wdth a large liver and a spleen extending to 'below the level of the 
umbilicus these organs were no longer palpable 

(/) The basal metabolic rate was reduced to normal 
(g) The patients gamed weight and were subjectiveli and objectively 
improved 

(/i) During the fall in the number of leucocytes the numbers of nucleated 
red blood corpuscles and the relative numbers of polvmorphonuclear baso- 
phils and monocytes may be greatly increased 

(i) Id'hen Fowler's solution was omitted tlie signs and symptoms re- 
turned in a few weeks but the improvement could be maintained at least for 
a few months by continued small doses of tlie drug 
One case of su. years duration and m the terminal stage of the disease 
failed to respond to treatment 

These uncompleted observations suggest that Fowler s solution is of definite 
value in the palliative treatment of chronic mselogenous leukemia and per- 
haps can be used in conjunction mth roentgen rat therapy for the best 
knowTi sort of palliative treatment 

The Relation of Available Iron to Acid and Alkaline Diets By Hekman 
H Riecker, Ann Arbor, Mich. 

Previous experiments upon dogs having chronic anemia from hemorrhage 
had suggested that in this type of anemia the sole underltung factor was 
iron starvation This conclusion was refuted by Whipple who found an 
added effect upon blood regeneration when whole liver was added to m- 
organic iron Kiefer reported simdar results in chronic anemias of patients 
and Mettier and Minot found that hydrochloric acid administration with iron 
caused an increased response of the reticuloc\-te count, over that induced by 
iron alone 

The explanation for these diverse results is derived from the very sensi 
tive solubihti of iron salts in aad and is applied to cases having an anemia 
of iron starvation 

Experimental studies on this point were carried out as follows In a 
normal individual the daily output of unnan iron was determined and its 
relation to diet to excessive iron intake and to excessive fluid intake. 

In a patient recovering from pernicious anemia with achlorhydria (hav- 
ing large reserve iron stores) the unnan output of iron could be increased 
43 
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more iIiMi ll'i) pi^r ci.nt In admimsicring ‘^odium bicir1)ointo In tlit sinic 
pant K the excretion decreased %\hcn Miial! amount'? ot animoninm chloride 
\ ere jrnen \ diet neutral as to salts and a constant water intake were 
pro% ided 

File experiment was repeated using a normal dog in wliicli tiic total iron 
meiaholisni i lood intake hair <tool and urine output) was determined 
conlirmiitg the result that a liiglih acid salt (XH^Cl) held iron in the hod\ 

1 inalh jiatients with setere secondare anemia iroiii lieinorrliagc were 
U'eil repeating the prc\ tons procedure to show that ahsorhed iron in iron 
stare ation Irecame increasingle aeailahle for hlood lorniation 

It Is helioeed that the results ot Whipple on dogs and Kieier on patients 
ii-iiig large amounts ot eeliole lieer are explained on the basis that heer being 
a highle icid lood conserves the available iron in cases of iron starvation 
tor utilization in hlood lorniation 

Since 100 grains ot liver have an acid ct|uivalent ot 10 cc of N/10 HCl. 
and an iron content ot S3 ingm , its value in iron starvation is quite 
apparent 

'ihnera! Mc/abolitiii during Tri.al>iicnt of a Cau' of Pol\c\lliciiiia 1 era B\ 
SvMtiL H Bassftt (he invitation) and Wvi S McCaxx, Rochester, 
N \ 

\ ca«c of polvcvtheniia vera presenting the classical features of this con- 
dition namelv brick red color of face, hands, and feet enlargement of the 
sp'ecn and polvcv themia, was studied during a period of treatment with 
acetvlphenvlhvdraziiie Blood studies and niineral balances, including nitro 
gen phosphorus calcium magnesium, and iron, were carried out simultane- 
ouslv The administration oi 2 9 grams ol acctvljihcnvlhvdrazine in doses 
1)1 0 2 to 0 3 gram per dav resulted in marked reduction of total hlood volume, 
cell volume hemoglobin, and enthroevte count An increase m Icucocvtc 
count icterus index and plasma volume occurred during blood destruction 
The destruciion ot approxiniatelv 900 grams oi henioglohin in 20 davs 
with consequent liberation of about 3 grams of iron did not result in loss ol 
hoJv iron Hemoglobinuria is believed to have accounted for increased 
iron c'cretion in the urine during the periods of ervthrocvte disintegration 
^Iarkcd loss of nitrogen took place during the periods of hlood destruction 
hut the lo"- did not '•eeiii ol sufiicient magnitude to account for all the nitro- 
gea cnntaine-d in the desiroved ervahroevtes 

Significant changes in the metalwhsm oi phosphorus, calcium, and niag- 
m 'luni were not demonstrated 

JIi PriS^ic' 0 / Hthrof-Iidic -intibodtcs in Infectious Mononucleosis Bv 
hjH R PviL and ( hv invitation) \\ \\ Blxxeli Xev Haven, 

(nil 

Heitroahi' e a itiho'he' are antibodies having the capacitv to reict v itli 
e ^la a a t'^ei’s v i cit a't. nine dilTe'en ironi and phvlogei cticallv i a- 
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related to the one instrumental in their production Horse serum ior 
instance nlien injected into human beiiigSf mar produce agglutinins for 
sheep cells and their presence as has been recently shown bj Davidsohn, 
seenu to parallel clinical features of serum disease 

That heterophilic antibodies demonstrable in the form of sheep cell 
agglutimns deielop m cases of infectious mononucleosis in eien higher con- 
centration than in serum disease, is described in this report 
Tn our study of four cases, their presence was a constant feature of the 
acute phase of the disease while an excess of mononuclear cells was present 
in the blood Among otlier common blood djscrasias including Ij-mphaUc 
leukemia heterophilic antibodies were not demonstrated Tliei were noted 
howeser in a single obscure case thought to be aplastic anemia 

The reaction described in this disease nmst be essentiall) non specific, 
although It would seem to be of practical diagnostic ralue. Our interest 
centers mainly upon its occurrence In an infectious disease of obscure nature. 
Tlieories of the possible mechanisms imoUed are bnefli discussed 

The Significance of the Type Specific Skin TlsI in Ihc Scrum Trcalmcnl of 
Pneumonia (Type I) Bv Thomas Francis, Jr (by invitation), and 
William S Tillett, Baltimore Md 

A study was made of the cutaneous reactions to the specific capsular pol\- 
sacchande of T>-pe I pneumococcus m Type I pneumonia patients. A posi- 
ti\e reaction which takes the form of an immediate wheal and ervtliema, 
is first elicited at or about tlie time of crisis and is always associated with 
the presence of circulating type specific antibodies. In patients treated with 
Ti-pe I antipneumococcus serum it was obsemed that the mere presence of 
circulating antibodies was not the only essential factor in the production of 
a positive test 

Of 35 cases studied 31 received serum Four untreated control cases 
gate positive reactions at die time of recovery In 5 fatal cases no positive 
reactions were obtained Of the 26 serum treated patients who recovered 
25 gate positive reactions when recovery began but not before. The one 
recovered case with negative skin tests detelojied emptema 
A positive reaction denotes recovery and serum therapy may be safely 
discominued A negative reaction is an indication for further administra- 
tion of serum If m the face of prolonged treatment, the reaction remains 
negahte, a purulent complication should be suspected If none is found 
serum administration should be continued although the prognosis is un 
fat orable. 

Experimental Lobar Pnciimoma in the Dog By E E Terrell (by mvita 
tiou) O H Robertson and (by invntation) L. T Coogeshall, Qiieago, 

Using a method previously described by us for the production of pneu 
mococcus lobar pneumonia in the dog consisting essentially of the intra- 
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bronchnl inipliimtion ot pneumococci Hi^pcndecl in n <;nrcli brotli miMurc, 
"i cUkU ln« been nndc oi the ceolution oi the expenmentnl di^en^e from its 
inception to the complete di'^ppenrance ot the lung lesion"; The dicea^e can 
be induced constantU with \cr\ snnll quantities of pneumococci it rt‘:cmblcs 
human lobar pneumonia in that the proce‘:s produces complete consolidation 
ot a lobe then spreads from lobe to lobe, is charactensticalh localized in 
the lungs and usualU terminates abrupth It differs from the t^plcaI disease 
in human beings b\ running a shorter course — usualK three to fi\c da\s, 
although It sometimes lasts si\ or seacn da\s One attack does not confer 
immunit\ against subsequent infection — although the succeeding attacks arc 
milder in character, indicating the acquisition of immunih No CMdcncc of 
allcrg\ to the pneumococcus was obtained cither b\ skin reaction or intra- 
pulmonar\ injection of the pneumococcus autoKsate Tlie lungs show at 
different stages engorgement and red hepatization and if the disease lasts 
si\ to se\en da\s a modiherl gra% hepatization occurs Studies of the 
pathologi of the lesion rereal a histologr in its main features analogous to 
the jncture of lobar pneumonia in the human being 

hotural Iiitiituiut\ of Mat' to tin Pneumococcus B\ \V D Sutliff, Max- 
well Finland (ba invitation) and Henri Iackson, Jr, Boston, Mass 
\ search has been made b^ means of \arious immunological methods for 
measurable differences in susccptibilite to pneumococci of Tepe I, T\pc II, 
and Ta-pe III among persons of different age groups 

RelatneU few persons possess blood pncumococcidal power for Tape I 
pneumococcus nearla all possess blood pncumococcidal power for Tape II 
pneumococcus , and an intermediate number possess blood pncumococcidal 
power for Tape III pneumococcus Tlic blood of infants obtained at birth 
from the umbilical cord possesses pncumococcidal action fairla frcqucntl> 
S'’mples of blood at the time of deliaera from the mothers of these infants 
gaac the same results In the group of infants aged from 1 month to 15 
months pncumococcidal action is comparatia ela rare for all three tables In 
till ace groups 2 to 11 a ears and 20 to 40 a ears pncumococcidal action is 
met aaith increasing frequenca In old age, feaaer persons possess pticu- 
mococcidal power 

Protection tests and agglutination tests gaae comparatiaela fev positiae 
rtsiih- and thus do not afford reliable comparisons 

Tlie skin reaction to the specific soluble substance could not be intcr- 
p-fted in the infants due to the usual appearance of a marked crathema last- 
ing 30 minutes or more No characteristic wheals were seen In the other 
ace croups the numbe ot jio'iitiae reactors to the specific soluble substance 
a lairla coi'-tant Tape II soluble substance gaac rise to reactions more 
irii,uen K than Tape I or Tape III soluble substances 

T1 e 5 c'ceiitace of reactors to the jmeumococcus protein and autolasatc is 
L 111 'I ii\ li a e' n ini mt". Inn in the o her age grouji' Tlii'; is aPo true 
O' the t 'o c n deriae-il f'om the StCi f'to'O'-cus hen o'\ltcus 
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An incidental finding in connection with tlie skin teats is that of the appear- 
ance of antibodies following the skin tests 
Tlie fluctuation m the madence of pneumococcidil power with age re 
sembles inier-elv the mortality curves of pneumonia with age The fre- 
quency of whole blood pneumococcidal power among tlie admissions to the 
Boston Citi Hospital is the reverse of the incidence of the three types in 
the pneumonia cases in the Boston Citi Hospital 

The reactions to intradermal injection of pneumococcus proteins and 
autolysates which are less frequent in infants than in anj other age £roup 
indicate that indiidduals during childhood become sensitive to proteins con- 
tained in tile pneumococcus as tliev do to other bacterial proteins 

A Sliidt of Ihe Role of the Phagoc\Uc Mononuclear Cell iii Expeninental 
SypliHu Bj Hugh J Morgan and (bv invitation) Seale Harris Jr., 
R. S Cunningham and Edna H Tompkins Nashville Tenn 
Morgan * luis shown that a basic feature of the microscopic pathology of 
experimental svphiUs is an increase in site number and phjsiologic activitv 
of phagocytic mononuclear cells of tlie tissues The role played by these 
cells in the pathogenesis of syphilis is being studied. 

There is evidence (especially in the work of Sunpson ’) that intravenous 
injections of trypan blue stimulate the production of phagocytic tissue 
mononuclear cells On this assumption a senes of e-xperiments has been 
undertaken to investigate syphilis in animals receiving trvpan blue 
In one experiment rabbits with well developed svphditic lesions were given 
trypan blue intravenously It was found that the lesions in these animals 
resolved more rapidly than m a control group receiving no dve. The dye 
did not steriliie the lesions of treponema. This was demonstrated by sub- 
sequent transference of the infection to normal rabbits. 

In a second e.xpcriment trypan blue was given rabbits at the time of 
inoculation with Treponema paliidmn In these animals tlie lesions appeared 
later than m the control group which received no dye 

Further studies are bemg conducted in order to determme whether or 
not the modification of the disease observed in the above experiments is 
due specificallv to the effect of the trypan blue on the mononuclear cells or 
to some other factor 

Studies m Rheumatoid Arthritis Bj M H Dawsov and (b> invitation) 
R- H Boots, New York, NY § 

(n) Bacteriological viVK-stigatious Bacteriological investigations have 
been carried out on the blood, synovial fluid and subcutaneous nodules from 
a large senes of cases of rheumatoid arthritis In particular attempts were 

* Morgan M J Trans Assoc. Am. Phys 1Q30 xlv 67 

* Simpson J Med. Res 1921 Ixui 77 
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urdc to confirm tlie re-ult'- rccenth reported 1)\ Cecil Nicholls and Stainsln 
Tiic rc'-ult^ ot all bactcriolottical ■studies ln\c been ncRatDe 

(b) Subcutaneous nodule^ The studies on subcutaneous nodules re- 
p irted list \ear liaee been extended These obsereations indicate that the 
subcutaneous nodules occurnne: in rheuniatoid arthritis constitute a classical 
lesion ot the disease Studies on the histogenesis of the lesions show an 
intimate relationship between the subcutaneous nodules in this disease and 
those tound in rheumatic fc\er 

(c) Scdiiucntaliou rate of the cr\throc\tcs The determination of the 
sedimentation rate ot the ere throes tes has been found to be of distinct 
clinical ealue The results of approximatcK 1000 obsereations mas be 
briefle stated as follows 

( 1 ) The sedimentation rate screes as a useful guide in the dilTerential 
diagnosis of rheumatoid and osteo-arthritis 

(2) In rheumatoid arthritis the sedimentation rate parallels to an e\- 
traordinare degree the actieite of the process 

tb) -igghtUnation reactions z>.ith hcmohtic streptococci It has been 
found that the sera of patients eeith rheumatoid arthritis possess the properte 
of agglutinating henioletic streptococci to an extraordinarile high titer The 
obsereations indicate that the agglutination phenomenon is confined to 
Ii inohtic streptococci The sera of a large series of control cases ha%c 
failed to chow e\idencc of agglutinins for the strains of hemohtic strep- 
tococci examined The lupothesis is ad\anced that the disease rheumatoid 
arthritis results from infection with Streptococcus Iicinohticiis 

'^lu ronnation of Glycogtii in Mainmahan Muscle from d-Lactic Acid and 
Glucose B\ I C Meakixs and (b\ inMtation) C N H Loxr, 
Montreal 

The work of Mceerhof and others has shown in the exercised isolated 
irog c muscle that as the pretormed lactic acid disappears an equnalent of 
lour-fifths of It reappears as gUcogen rurtheniiore Meeerhof has found 
that pcrtusion ot frog muscle with sodium lactate leads to the formation of 
niusele gl\ cogen although others ha\e been unable to confirm these results 
I Tgeleton and E\ans) 

In the mammal the coneersion of lactic acid into muscle gl\ cogen either 
alter exercise or durine perfusion, has not been s^tlsfactorlI\ demonstrated 

In the'-e experiment-^ an attempt has been made to compare the glvcogemc 
pawer oi ('-Jactic acid with that ot gluCosc and insulin The decajiitated 
eM^cera'ed cat was used and the so'utions --lowle and contiiiuoush injected 
into a jucul''r eein b\ a Woodeatt pump Tlic d-lactic acid was used in the 
’o-"! OI hah-iieutr iliicd 5 per cent or 10 per cent solutions 

n e re- lit' c’l '■ined to thte are as inllows 

I 1 I d-lact c cid fomi' mu-clc glecotren in the cat in the ab-ence ot 
1 ' V, - al oe '0 pe' cent le--- efrec*uc in this -espcct th-'ii are equii dent 
^ - o, e i-co- -I <! m- ih i 


^ O 
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(2) A large proportion of the lactic acid disappearing is not found as 
muscle glvcogen and in some experiments the ox) gen consumption does not 
account for all the missing portion This last conclusion is a temporary one 
onh as ne hare not ret constructed an accurate balance sheet under these 
conditions 

We are indebted to Prof W H Peterson of the Unirersit) of Wisconsin, 
for suppl)ang us rvith pure d lactic acid 

Calcium Metabolism in Calcinosis VniOirsalis ’ or Calcification of the 
Siibciitancons Tissues B) Walter Bauer and fb) invitation) Alex- 
ander JIarble and Granville A Bennett, Boston Mass 
The occurrence of calcareous nodules in the subcutaneous tissues is a 
rare condition, affecting particularly children Its etiology has remained 
obscure It rvas hoped tliat a more detailed stud) of a boy of ten years 
of age, rrho had been knorr-n to hare the disease for seven rears might lead 
to a better understanding of this obscure condition Therefore studies of 
calcium phosphorus and nitrogen metabolism in conjunction truth chemical 
and histological examinations of the hiopsitd material rrere made. 

Qiemical examination of the calcareous material showed it to be com 
posed of calauni carbonate and calcium phosphate in proportion essentially 
the same as that of normal bone or pathological calcifications found else- 
rrhere Tliere rrere no findings to suggest any gross abnormality of the 
uric aad, cholesterol or fat metabolism. 

Histological study of the biopsied material revealed none of the abnormali- 
ties usually associated with pathological calcification namely chronic in 
flammation hemorrhage infarction, tissue injury or tissue necrosis Ex- 
aminations of the earliest lesions revealed a deposition of finely divideo 
calcium particles around the periphery of the fat cells, which otherrrnse 
appeared to be normal This process progressed until calcium had been 
deposited within fat cells and eventually replaced whole fat lobules 

Metabolic studies showed that the serum calCium and phosphorus values- 
were normal However, there existed an extraordinary ability to retaia 
calcium and phosphorus Tins tendenev was more marked in the case of 
calcium than of phosphorus Regardless of the calcium intake or the 
medication employed the fecal calcium excretion never exceeded 49 mgm 
per three-dav period The urinary calcium was also abnormally low The 
low urinary calcium in the presence of a normal serum calcium served as 
further evndence of this unusual abilitv of the tissues to retain caloum Re- 
sults obtained during certain study periods indimte that when calcmm is- 
first retained it is not necessarilv accompanied by phosphorus 
As a result of these studies we concluded that the calcium and phosphorus 
metabolism is abnormal m these rare cases of calcification of the subcutaneous 
tissues The increased retention of these salts was evidently due to an 
unusual affinity of certain tissues for these elements We are unable to state 
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wliat intracclUiKir clinngt.? unrecognizable niicroscopicalh, precede the 
deposition in tiicsc regions 

\n inadeHiinte calcium diet in conjunction with aiumoniuni chloride 
medication would seem to be the onh rational therap\ to be emplojed 

1 Study of the IJcctrolytL Mttabohsm tit Diabetic Acidosis liiducid iit 
Hutnatt Subjicts B\ Rorert F Loeb, Dana \\ Atciile\ and (b^ 
in\ nation) Dickinson W Richards Jr, and Ethel M Benedict, 
Xew York Is \ 

We ha\e studied the changes m water and elcciroKtc balance resulting 
from the abrupt withdrawal of insulin in tliree diabetic patients and also the 
steps taking place in rcco\er\ when insulin theraps is again instituted 

The fluid intake was maintained at a constant Ie\el throughout the cn- 
penment The patients recened and ate identical meals each das Eser> 
fifth das when a fresh supplj of food s\as bought a complete duplicate 
das’s diet was analszed for ssater K, Ca total hNcd base, P, Q and N 
Tne diets and insulin dosage ssere adjusted so that the patients remained 
sugar-free, in nitrogen balance and at approximate!} the same ss eight during 
the control period of 10 to 16 dajs Tssents-four hour urine specimens ssere 
analszed for NH, total fixed base, K Ca (Na and Mg being determined 
bs difference), Cl P inorganic SO^, total N, creatinine, glucose, ketone 
bodies, titratablc acid and in one case for organic acids The pH ssas also 
measured Stools ssere analszed in 5-das periods for K, Ca, total fixed 
base Cl, P, and total N 

At the end of the control period insulin ssas ssithdrassn abruptls and 
ss'thhcld until definite results had been obtained or until theraps ssas urgentlj 
indicated The recosers period ssas studied and then an after period in 
sshich the patients ssere again stabilized 

At sTirious times in the course of the experiments blood samples ssere 
talen and electrolstc analsses ssere made 

The first patient ssas a comparatis els mild diabetic receismg 55 units of 
insulin a das in die fore-penod Upon the ssithdrassal of insulin he re- 
mained sugar-free for 3 dass and onls on the 7th das ssithout insulin did 
he linalls excrete as much as 20 grams of glucose in tssents-four iiours 
In the second case, upon the ssithdrassal of insulin f80 units a das) there 
dcs eloped a glscosuria of 63 grams in the first tssents-four hours and 
120-140 grams a das for the rest of the period During this interval 
ssithout insulin practicalls no 1 ctosis deseloped There appeared, hos'cscr, 
immediate and striking changes in the water electrolsTc and nitrogen 
balances In the third case, the insulin deprisation svas associated s' ith 
immeiliate and marked glscosuria and the desclopment ot progressive letosis 
severe nough to require active theraps when the blood CO- reached 30 
so'umes per cent on the lourth das In this patient even more marled but 
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qualitatu'ely similar disturbances o£ water and electrolyte balances were 
encountered. 

ReaiJts (I) The withdrawal of insulin witJiout the development of ap- 
preciable gbcosuria or ketosia had no apparent effect upon -water and 
elcctrob-te balance f2) Tlie witlidrawal of insulin when followed by 
marked gljcosuna either with or wathout ketosis resulted m dehnite and 
immediate disturbances in electrolyte and water balances as follows (o) 
An enormous loss of water, Na, K and O beginning in the first twenty four 
hours and associated witli loss m body weight and nitrogen. These changes 
were maintained at an abnomiallv high level throughout tlie period of 
insulin depnvaUon. (6) Twenty-four to forty -eight hours after tlie peak 
of Na, K and Q loss the excretion of NH, began to be augmented (c) 
In the case which developed aadosis tlie ammonia increase roughly paralleled 
the increase in ketone acids (3) Upon restoring insulin therapy and tlius 
marking the beginning of recosery, a senes of dramatic cltanges took place 
Among these changes were (a) The immediate and striking retention of K, 
Na O and water, associated with an mcrease in bodv weight but Nvithout 
the establishment of a positive nitrogen balance. (6) The NH, excretion 
in both cases, ue. with and wiUiout ketosts, remained at an augmented level 
during tlie first 4 days of tlie recovery period This abnormally great NH, 
excretion bore no quantitative relationship to tlie disappearance of ketones, 
the restoration of total base or the replacement of G Tlie excess ammonia 
e,xcretion did howeier, cease in both cases on the day when the K which 
had been lost witii intracellular water, was completely restored 

Finally we should like to point out that the major fluctuations in weight 
in our experiments parallel the loss and storage of electrolytes rather tlian 
of nitrogen While tliese changes are definitel\ associated with glycogen 
loss and restoration and while a causal relationship has been generally 
assumed no satisfactory e.xplanation for such a mechanism has been 
advanced 

Surface Teviperatiin and Radiation By W S McClellan and E, F Du 
Bois New York, N Y 

The study of patients with malaria in the Sage respiration calorimeter 
suggested that the radiation of heat is not necessarilv proportional to the 
surface temperature of tile body A senes of observations has recently 
been made determining the heat lost bv radiation and conduction and also the 
temperature changes of seventeen different sjjots on the skun Surface 
temperature measurements are made by means of a small button of Wood s 
metal in whicli an insulated wire havmg a resistance of 100 ohms is em- 
bedded With proper precautions the readings on the Kolilrausch bridge 
become constant in about ten seconds 

Experimental subjects hRvt been studied naked and clothed m the respira^ 
tion calorimeter and the heat production has been varied bv niuscular activity 
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In soniL experiments more heat wa": radiated irom or throne;!! the skin wlicn 
It \\as cold tlian when it was warm Tins «uc:gcsts that the radiating 
snrince oi the hod\ is not nece-^ariK the skin snriace but ma\ be located at 
some lee cl undemeath the skin and that the radiation of heat is not pro- 
po'tional to the surface temperature of the bode 

d Snjc Method of Producusg H\pcrlhc> oiia tti the Trcatiiiciit of Distase 
1 Priliwuiar\ Report Be F W Bishop, C B Horton (^be me na- 
tion ) and S L \\ arkfx Rochester, N Y 

Radio eeaees ’ are passed be means of large electrodes through the tnink 
ot the jiaticnt eeith resulting rapid and safe rise in Ins general bode tempera- 
ture to 41 5° C eeitlnn approximatele 2 hours The electrodes are then re- 
moeed The patient is maintained at this temperature in a eearm air 
chamber from 4 to 6 hours The patient is then gieen a cold glucose and 
valine enema remoeed to a dre bed and allowed to cool off a process taking 
about I'i to 2 hours The patients arc slightle eeeak but can be discharged 
the following da\ 42° C lor more than a few minutes is a dangerous 
temperature 

Fift! treatments ha\e been gn cn to 25 patients m the current tear with 
one death Studies of blood chennstra, clectrocardiognams blood pressure, 
temperature and other data on patients and animals show no changes below 
42° C which might haac a deleterious effect 

'veaen of 14 deteriorating paretic patients haae been paroled or discharged 
all haae been clmicalK improaed The gain m aa eight has been from 15 
to 30 pounds Striking serological changes haae been protluced in the sjiinal 
tluid without arsenical treatment Transient herpetic lesions of the face 
dcaelop in 60 per cent of the cases 

Tlie Presiuce of Digitalis in Ldevia Fluid and its Possible Clinical Sig- 
nificance Ba George H Miller (ba inaitation) and Fred M Saiirn, 
Iowa Cita la 

Fdema fluids from patients as ho haae lieen under prolonged treatment for 
cardiac lailure haae been as^aaed for digitalis ba the Hatcher cat method 
Fhiidv aspirateal from the pleural and peritoneal caa ities as ere canploaed except 
m two instances In the latter, the fluid aaas obtained from the extremities 
ba means oi Southea s tubes 

Repeated assaas as ere carried out on each sample to minimize the influence 
oi India idual aariation« in the test animal Sixta-fiae assaas sserc done on 
vamp’es irom tinei.n patients In each instance the fluid sliossed a digitalis 
Cvio 1 The fluid irom the patient asitli the highest assaa shossed an aaerage 
Cl 0*^ cat unit pe' 100 cc llie samples trom the patient asith the los c'^t 
\ "afa^ed 040 ot unit p-r 100 cc 

’'ll’ (F s'tre emjdosetl irom patients aaho hid not been treatdl asith 
I 1 ^ i' ' V CO", ’■o’v Iht.e did rot giae a digitalis action On the other 
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hand when a known amount o£ digitalis was added to the control fluids, the 
full amount was indicated in the assays 
Patients with cardiac failure and edema who respond to treatment fre 
quently excrete two to three liters of the e'ccess fluid through the kidnevs in 
twenty-four hours It lias been repeatedly shown that digitalis is not readily 
excreted by the kidneys 

Under the above arcumstances, it is therefore possible for the digitalis of 
edema fluid to become effective and induce poisoning Certain clinical ob- 
servations support this possibility 

Diuretic Action of Digitalis By E. LeRoV Kellum (by invitation) and 
Norman M Keith Rodiester Minn 

Since Withering s original communication on digitalis there are relatively 
few instances of carefully controlled and standardited studies of digitalis on 
both the healthy human subject and tlie cases of congestive cardiac failure 
In spite of the vast amount of work on this drug and because of our expen- 
ence of the not Infrequent failure to produce satisfactory diuresis by digitalis 
therapy in cases of congestive heart failure witli edema, the present work 
was attempted to determine the efficacy of digitalis as a diuretic 
The diuretic effect of digitalis was studied on three healthy human subjects 
and on a series of cases with congestive heart failure and considerable edema 
To insure standard expenmental conditions all of the subjects were given a 
measured fluid intake and a weighed and constant diet of known low salt 
and low water content but adequate in protein and total caloric value. 
Atter a preliminary control and rest period with no medication a standard- 
ized digitalis preparation \yas given to each subject in adequate amount 
Careful daily estimations were made of the body weight the pulse rate, blood 
pressure twenty-four hour urinary output and tlie clinical symptoms De- 
terminations of chlorides fixed base and mtrogen were made on the daily 
urinary output 

Despite tile fact that all the subjects both the healthy and tlie cases of con- 
gestiye failure witli edema, showed charactenstic electrocardiographic and 
clinical evidence of digitalis effect the diuretic effect of this drug was only 
slight in some of the subjects and was entirely absent in the remaining sub- 
jects In none of tlie subjects was a diuretic effect of digitalis as marked as 
we have experienced where certain other diuretic substances have been 
employed It is suggested that m the treatment of congesUve heart failure 
wnth edema digitalis be employed for its beneficial cardiac effect and other 
diuretics also be employed for their superior diutetic action 

A Comfaratwc Stiidv of llu Diuretic Action of Eupligllm and Salyrgan 
Henry L Schmitz (bv invitation) and Louis Leiter Chicago 111 
Rehberg s method of using creatinine to calculate the amount of filtration 
occurring m die glomeruli and the amount of reabsorplion taknng place in 
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the tubuitN Ills been adopted to conipare tlie diuretic action ot cuplullin and 
ca'ergan in the dog 

In the cNpennicnts to date cuplullin has consistentU lucrea'^ed the cal- 
culated amount of glomerular hltration whereas reabsorption has seldom been 
decreased significainl\ Tlie urine output lollowing injection ot cuplullin 
has ouK once exceeded 2 cc per minute Diure-is has not occurred when 
the control urine \olumc exceeded 1 5 cc per minute c\en though the cal- 
culated rate ot filtration was not greater than in those experiments in which 
diuresis resulted 

In the experiments with saKrgan on the other hand, there has regularK 
been a decrease in the calculated percentage ot fluid reabsorbed while a 
significant increase in the amount ot filtration has occurred onlj once The 
diuresis produced b\ saKrgan has alwa\s been greater than 2 cc per minute 
and has also occurred when the control urine \olume exceeded 1 5 cc per 
minute 

These experiments suggest that saKrgan acts in the kidnet b\ decreasing 
tubular reabsorption while euplullm acts largeK b\ increasing glomerular 
filtration W ork is being continued along these lines 

I inisital I ariatiotis of the Ronitgiit Shadozo of the Elongated Thoracic 
■lorta Ba Hl go Rosler, Vienna (ba ina nation), and Paul D \\ ihte, 
Boston, Mass 

Unusual undesenbed aariations trom the tamiliar roentgen picture of the 
tortuous elongated thoracic aorta dcserae attention because of their im- 
portance in differential diagnosis We haae encountered three instances 
First aaas a man 60 a ears old with arteriosclerosis and slight hapertcnsion 
The heart size aaas aaithin normal limits The descending aorta crossed the 
imdline to tin. right on its aaaa doaanaaard, displaced the trachea forward 
and extended far into the right lung field betore turning back behind the 
he'^rt This finding is to be differentiated irom the picture produced ba 
aneurasm of the ascending aorta 

Second a man of 50 a ears aaith arteriosclerosis and hapertension, shoaacd 
a moderatcK enlarged heart calcification in the aortic arch and a sharp I ink 
oi the aorta just beaond the arch subdiaiding the aessel m its course and to 
be differentiated from coarctation oi the aorta 

Tliird, a man of 61 a ears aaith arteriosclerosis, tabe^ dorsalis and slight 
hapertension «hoaa<.d slight enlargement of the heart, moderate dilatation 
and calcification oi the aortic arch and a marked kinl, aaithout change in 
caliber in the loaaer third ot the descending thoracic aorta 

In all three ca^es the oblique aieaas proaed to be oi the greatest aalue 

Jill C St. Of Ep! tdrint. in Complcti Heart Btoef 'nth Adams-Stokts S\it~ 
drott I. Ba r Eoa’ IX Wood Jp Uniaersita \a 

In mana re-=^)eet' epinephrine and ephedrinc «ho\ a similar action U itli 
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this in mind md the added shinulus of three fa\orable ease reports the follow- 
ing clinical studies have been made. 

The first of tliese sunimames the clinical record of a male patient 51 sears 
of age who developed a severe Adams Stokes s\ ndronie shortls after coming 
under observation. In spite of increasing doses of barium chlonde, five to 
SIX severe attacks md 50 to 75 transient seinires dailj almost completely 
incapaatated the patient Immediate relief folloued the administration of 
ephedrine b\ mouth with the entire absence of long diastolic pauses in sub- 
sequent electrocardiograms Under continued oral administration of ephe- 
dnne the patient has experienced relief for more than a year The constant 
use of ephednne has not produced nervousness, unpleasant symptoms, or 
unfavorable signs 

In this case a 72 mgni. dose of ephedrine b\ mouth produced a gradual 
increase in the ventricular rate from 20 to 30 This increased rate ivas still 
present at the end of six hours Tlie long diastolic pauses present (several 
times the ventncular rate dropped as low as six per minute before ephednne 
was given) at the beginning of the experiment completelv disappeared under 
the drug After nearh a year ephedrine was administered to this same case of 
complete heart block after full atropimzation A mild but definite ephedrine 
response occurred 

This patient experienced a violent and alarming reaction in the form of a 
ventncular tachvcardia rate 112, follownng the injection of one mgm of 
epinephrine subcutaneously 

Twxi other cases of complete heart block showed a definite mcrease in 
ventricular rate follownng the ephedrine administration In one instance of 
paroxvsmal complete heart block no evidence could be obtained to indicate 
that ephedrine improved conduction 

Observations on three cases of complete heart block indicate that ephednne 
increases the ventncular rate independently of the auricular rate or blood 
pressure changes 

The Response of the Circulation to Insulin Hypoghccima B\ A Casltok 
Ebkstele Mabk D Altschule (bv invitation) and Herbman L 
BLUitGAST Boston Mass, 

Several patients with diabetes mellitus and early mvocardial failure were 
observed recently in whom, following the administration of insulin, the 
symptoms of congestive heart failure increased m severity Similar clinical 
expenences have been recorded bv otlier observers the situation being oc- 
casionalh complicated bv the development of coronary thrombosis or attacks 
of angina pectoris It seemed of interest consequentK to study the changes 
in the circulation following tlie administration of insulin. 

The pulse rate artenal blood pressure and minute volume output of the 
heart were measured in SLxteen normal non-diabetic individuals of vanous 
ages both before and again during insulin hvpoglvcemia In most of the 
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■^ubiccii the pul^e rate and ])ulsc pressure were incrca‘;ed during lupo- 
trKcenin the ‘se^tolic hlood iireesure being cle\ated and tlie diastolic pressure 
lowertal In c\cr\ subject the circulators minute \oIunie measured iccord- 
ing to the acetskne method of Grollinan was increased, although in a lew 
subject' the increase was not hexond tlie limits of error The increase m 
minute solume output following insulin ascraged 314 per cent and saricd 
in different indniduals ironi 3 1 to 85 7 per cent The percentage rise m 
the minute solume output of the heart was not proportional to the e\tent to 
which the blood sugar lex el was loxxered 

Tiiese obserxations indicate that insulin hxpoglxceinia is attended b\ an 
increased minute xolume output of the heart and an increased amount of 
cardiac xxork In normal mdixiduals this increased xxork is accomplished 
xxithout difhcultx In elderlx subjects with sclerosis of the coroiiarx arteries 
and diminishetl mxocardial reserxe the increased burden im|)oscd on the 
heart max result at times m the dcxelopment of conspicuous signs and 
sxinptoins of mxocardial failure The results of the present mxcstigation, 
thereiore furnish a rational explanation for the signs of circulatory in- 
sufncicncx which haxe Itcen observed during insulin hxpoglxccnna In pa- 
tients with arteriosclerosis or xxith signs and sxanptoms of circulatorx 
insufnciencx , insulin should be administered xxith apiiropriate precautions 
such as the giving of smaller amounts at more frequent intervals 

Slmlus of Lnciiia Bx h H Lasiimet (,bx invitation) and L H Nrw- 
rcRGii, Ann Arbor Mich 

Tor the treatment of edema of ncplintic origin various txpes of procedure 
haxe been proposed Superficiallx, each txpe is dianietncallx opposed to the 
other Hvidence will be presented to illustrate the following points 

( 1 ) Restriction ol fluid intake has no influence in preventing or cliniinat- 
mg edema 

t2) \cids and acid producing salts will cause diuresis 
(3) A neutral txpe of diet instead of the high alkaline nephritic diet 
commonlx used increases the effectiveness of acid therapx 

Other observers haxe reported the same results bx the use of huge do=es of 
all all Since both acid and alkali therapx produce diuresis it seems that 
the reaction of the medication has less to do with diuresis than tlic osmotic 
effects which the-e drugs jiroduce Experiments are under wax to test this 

Inpoihesis 

Tic !i fuatcc of I! alcr Balance on Mamfcstatious in Puhiionar\ Tnhcr- 
c losis Bx Bircfss Gomio and * bx invitation) Ex Sin i Txi ami 
R 1 TniirrixcTox Philadelphia Pa 
T1 c d''ux xarntioiis m urmarx output and tile occurrence of jierspiration 
I pecto’-a on were recorded in twentx-iour tulicculous patients Idie'c 
' e'e c ("e'ated x iJi me- oi drx cojgn pleunsx henioptxsis , eal - 
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ness and elevation of temperature Records of tlie extremes m liumidity and 
temperature of eaclt daj were kept 

It was found on certain daj-s that marked differences m the output of 
urine occurred Tliere was an apparent relationship between increased 
fluid loss tlirough the skdn and the exaggeration of symptoms A rather 
typical course was as follows With a difference of more than 10° to 20° F 
in the minimum and maximum temperature or a difference of more than IS 
to 25 per cent m humidity there was increased perspiration (frequently one 
or two night sweats) Urination was decreased, usually expectoration also 
and 12 to 24 hours later an deration of bod\ temperature (beyond the usual 
level for tlie patient) occurred Tins was followed bv an exaggeration of 
the clinical sjuiiptoms 

It IS suggest^ tliat dehydration may explain in part tlie periodicity of 
certain manifestations in tuberculosis Whereas increased fluid intake with 
free urination is helpful in remoring toxic products Uie loss of fluid through 
sweating is perhaps harmful Tins mar explain the fact tliat tuberculous 
patients rrith good nutrition and apparently greater fluid reserve suffer less 
frequently front exacerbations than indiriduals underweight and with lorr 
storage of fluid It rvould appear that equitable climate in undernourished 
patients rvith progressire disease is desirable or a plan of management rrhiclt 
provides an increased fluid intake restricted exertion and sedatives on days 
rrith rising temperature and humiditr 

The UtUisahon of Glucose DenMttoes by Caticrr Cells By Williaxs T 
Saltee Ovid O Meter (by invitation) and Joseph C Aua Boston, 
Mass 

In studying differences between tlie biochemical beliavior of malignant 
tissue (mouse sarcoma number 180) and that of normal tissues tlie utiliiation 
of vanous derir-atives of glucose (in rvhich successive chemical groups were 
systematically substituted) rvas measured under anaerobic conditions by 
Warburgs method Barring differential permeability of those substances 
through cell membranes (and similar complications), such compounds may 
be considered as substrates the chemical cliange in which gives quantitative 
eridence of the activity of intracellular enrymes 

The splitting of liexoses ("glycolysis") is peculiarly restricted to d 
glucose itself the chief exception being mannose (as Warburg pointed out) 
Of T-arious simple derivatives of glucose most failed to show acid formation 
That the configuration of tlie oxygen nng is of prime importance is in- 
dicated by the fact that Pringsheim’s glucose (hexvlene-oxide ring) showed 
no glycolysis Glucofuranose compounds (butylene-oxide nng) however, 
were encountered, which did yield acid under anaerobic conditions though 
not so readn\ as normal dextrose. 

Alfliough no anaerobic acid formation was encountered with pentoses, it 
was definite in the case of several 4-carbon and 3-carbon aliphatic carbo- 
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hjdratcs \cid production irtnn tliC'C Mll)•'t^nce^ In ripuilN growing tumor, 
llOwc^er ma\ be less actnc than b\ nornnl ti'^suc 

Acid production was al'o ob<;er\td in the case of poU saccharides, par- 
ticularh with disaccharides containing glucose 

Studies 0)1 Obaitx the Specific D\iiamtc Action of Food B\ Frank A 
EtANsand (b\ lOMtation) J M Strang, Pittsburgh Pa 
The total cNtra heat produced m response to a fiNcd meal was the same in 
the obese and in those of normal weight The meal was made up of 40 
grams ot protein, 52 grains of carbohydrate and 26 grams of fat, which ga\c 
610 calorics The obsereed cNtra heat production aeeraged 57 calorics or 
9 per cent of the total food calories 

The Ptriplicral Circulation in Heart Disease By Soma Weiss and (b^ 
imitation) Laurence B Ellis, Boston, Mass 
In order to gam further knowledge of the state of the peripheral ciraila- 
tion in t-anous stages of circulatory failure due to heart disease, studies were 
made of the oxygen utilization in the forearm and leg, both in the horizontal 
and upright positions and before, and at inter%'als after a standard walking 
cNcrcise Tliese findings were correlated with the lactic acid contents of 
ar‘crnl blood and blood from the femoral and antecubital acms obtained at 
the same time as well as with the basal metabolic rate, Mtal capaclt^, cardiac 
rate arterial and acnous blood pressures and the clinical manifestations of 
each of the patients studied The results obtained furnish significant in- 
formation regarding the blood supph to the great bulk of the bod\ muscula- 
ture particularK of the legs and may be considered an index of the state 
oi the entire peripheral cirailation A total of 17 normal subjects and 50 
patients with cardioa-ascular disease was studied 

\t rest, in the horizontal position, there is a tendenca for the oxagen 
utilization in the arms and legs to increase as the heart failure progresses, 
although in seaeral instances of jironounced circulatora failure normal 
oxagen utilization aaas obseraed Tlie lactic acid contents in the arm and 
leg blood aacre aboae the normal limits onla in the presence of marked con- 
gcstiae lailure and then not alaaays 

In the upright position, both in normal persons and m patients with sea ere 
congcstiae failure the oxagen utilization, particularly in the legs, increases 
more than v ould be expected from the theoretical nse in the metabolism 
Tlie lactic acid contents of arm and leg blood showed no, or aery slight, 
eleaaiion in this po<;ition 

Upon exercise the oxagen utilization is greater in patients a\ith cardiac 
lailure than in contro’s or compen'ntcd cardiacs In {I'onoiinced cirailatory 
mi'n'c as high ac 16 5 aolumcs per cent oxagen utilization was obtained and 
the oxage" conten ot the lemor d atnou- IiIockI reached a>; lo\ a= 1 0 aoltime 
ji*' cen* I" lo h no-maK ">04 c* rdiac'- the return oi o'agen utiliz'’ uin to 
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the resting level occurred promptly, within ten minutes Following exercise, 
the average rise in the lactic acid in the icoioral blood draining active muscle 
in normals, was to 30 mgni per cent, much higher than in the arm but the 
two approached each otlier m about ten minutes and tlie lactic acid fell to 
a resung level in about one hour In patients witli circulatory failure, there 
w>as a tendenev for the lacUc acid to rise somewhat higher and fall more 
slowly This difference between normal persons and patients with circula- 
tory failure was probably due to slower blood flow, relative tissue anoxemia, 
and possibK rvaa mfluenced by the liver damage accompanying heart failure 
In this study no eridence was obtained that in congestive circulatory failure 
there is an increased cardiac output or a more rapid blood flow than normal 
through edematous tissues On the other hand, a decreased cardiac output 
IS not regularly found m the presence of aixulatorv failure and the degree 
of the circulatorj failure cannot be estimated by anv change in the volume 
flow of blood. No evidence of a primary disturbance in the lactic acid 
metabolism or resynthesis was obtained 

The Diffcreiiliatioit of Peripheral Arlenal Spasm and Occlusion in Antbiila 
for;i Patients By W J Merle Scott and John J Morton, Rochester 
N y 

To differentiate the effects of spasm from tliose of occlusion is an essential 
step in the study of artenal diseases in tlie extremities. This can not be 
done bv the usual methods of clinical investigation The reaction to foreign 
protein and the effects of spinal or general anesthesia have previouslv been 
used to accomplish this differentiation A satisfactory test to measure these 
elements is outlined It consists in following the surface temperature in the 
distal parts of tlie extremities before and after the blocking of the nerve 
trunk to the area. The vasodilatation obtained in tins tvar compared with 
that following spinal or general anesthesia is nearly as complete. This test 
IS so simple that it is applicable without inconvemence to ambulatory patients 
Examples of its application and value in Rasnauds disease, thromboangiitis 
obliterans and arteriosclerotic endarteritis are given 

Cardiac Dyspnea The Rclatiic Importance of the Chemical and of the 
Reflex Control of Respiration in the ifeclianisni of its Production By 
T R Harrison and (bj invitation) Glenn E. Cullen, J A Calhoun, 
W E Wilkins and Conn Pilcher, Nashville, Tenn ’ 

The mechanism of orthopnea and that of d}Spnea produced by slight ex- 
ertion have been studied in a group of patients w itli various tj-pes of cardiac 
disease. In an ortliopneic subject the shift from the recumbent to the sitting 
posture was not usually accompanied b\ significant changes in the carbon 
dioxide content carbon dioxide tension pH or oxjgen content of the artenal 
blood or of the blood from the internal jugular vein The difference be- 
tween the axvgen content of blood from these two vessels was the same as 
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tint tnund in nornnl subjects and \\T!> umltcral 1)\ cli inge ot posture 
Tlicrciorc ortliopnca i-. prolnhK not due to decreased cercliril IiIockI flow 
Increased \ital capacit\ decreased eentilation and dccrease'd respirator\ rate 
were usualK olisereed in the sitting as compared to tlic recumbent posture 
Obser\ations made on dogs sliowed that, when the aagus nerves were 
tn( (ct .artif'icial diminaticn in vital capacitv produced In piicamotIiora\, bv 
introflucing Ringers solution into the lungs or bv distending the vessels of 
one 01 the lungs with blood caused increased respiratorv rate and increased 
vcntilition Xo significant changes in the pH or the gases of the arterial 
blood or of the venous blood from the brain were observed until the decrease 
in vital capacitv was ot marked degree, whereas relativelv slight decrease in 
vital capacitv was accompanied hj increase in respirator} rate and ventila- 
tion Mtcr bilateral vagotomv reduction of vital capacitv did not change 
the Iireathing until decreased oxvgen content or increased aciditv of the 
blood occurred 

It therefore appears probable that orthopnea and cardiac dvspnea at rest 
(aside from Qicvne-Stokes respiration and ‘‘cardiac asthma”) arc due to 
alterations m the Henng-Brauer vagal reflex from the lungs 

Dvspnea produccrl bv mild exertion was also found to be unassociatcd with 
significant changes m the pH, carbon dioxide content or tension, or oxvgen 
content of the venous blood from the arm, the blood from the internal 
jugular vein or the arterial blood It is evident that this tvpe of dvspnea is 
also of ‘ reflex nature but further studies are nccessarv in order to 
determine its nature more prcciselv 

Simil ir findings have been obtained on normal subjects and again vvitli 
mild exercise chemical alterations in the blood were absent It seems 
prolKiblc that the nervous regulatorv mechanism is more delicate than the 
chemical and that the tormer is largclv responsible for the changes in 
ventilation which occur with the usual activities of life a«ide from severe 
exertion 

r/ti Lhntcal I altic of the lZr\throc\te Scdivtcntatwn fest Bv C P 
Howard and ( bv invitation) E S Mills, Montreal, Canada 
The corrected ‘sedimentation velocitv of the erv tlirocv tes has been de- 
termined on 250 patients Manv of these patients were sufTenng from an 
aaite or chronic inflammatorv disease Where possible the test vvas re- 
peat<-d at regular intervals during the course of the disease 

This test vvas comparcrl with the leucoevte count, the pulse rate and the 
temperature at the time ot the test in order to determine if possible the 
relative sensitivitv of thc'C lactors in recording the tlegre-e of activitv of 
the inflammatorv proce-' 

\s a general rule it \va' tound that the correct'd serhmentation velocitj 
is a '-etter indication ot activitv in such inflammatorv diseases as tulier- 
o ’ - e docard ii' md ih varioii' form- oi arthritis than is one or all of 
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the other factors with which the test was compared The test is therefore a 
\-aluable aid in both diagnosis and prognosis in these diseases 

An Analysis of Thyroid Clinic Data by a Code and Punch Card System 
Bv J Lebiian (hi mvitation) and J H Means Boston^ Mass 

Methods for accumulating and analjiing clinical data in logue at the 
present time are cumbersome and inadequate Tlie application to clinical 
statistical problems of mechanical accounting systems siidi as are used in 
business was first proposed bv Raymond Pearl Believing these methods 
worth further study, we have applied them to the material of a XhsToid 
Omic The hope is that should we be able to demonstrate their value in a 
speaal clinic it might pave tlic way to application of the methods to all 
hospital entries 

A special coded record for thyroid cases is presented. The method of 
transfer of its information to statistical punch cards and the classification of 
these b\ a sorting machine are desenbed Tlie results of the past year have 
been analyied Examples are given to illustrate significant findings and 
correlations for conditions such ns exophthalmic goiter colloid goiter, 
nodular goiter and myxedema. 

A great many questions wliicli are constantly being asked can now be 
answered with specific facts and figures rather than by impressions 

Age and the Susccplibilily of Robtnlj to Scorfcl Fever Toxin By James D 
Thask, New Haven, Conn 

Tlie report of Parish and Okell on the greater susceptibilitv of mature as 
compared to young rabbits to lethal doses of scarlet fever (oxin was con- 
firmed and extended It was found that old rabbits were more susceptible 
than Toung ones to skin test as well as to lethal doses of scarlet fever toxin, 
that with both methods the toxm was neutralisable with scarlet fever anti- 
toxin and that the activity of the toxin was destroyed by heating to 100° C 
for two hours It was shown tliat scarlet fever antitoxin was not present 
in detectable amounts m the blood of normal rabbits eitlier young or old 

Tlie above findings furnish data for a consideration of the natural acquisi 
tion of susceptibility to a bactenal toxin 

Kcifiratorv Responses to Anoxcinio By A V Boex and (by invitation) 
D B Dill and H T Edwards Boston Mass 

This study shows a wide variation in the reaction of ten normal men whde 
breathing oxygen poor mixtures. The total ventilatton alveolar CO, pres- 
sure arterial saturation with oxy'gen pH and tlie partial pressures of oxygen 
and carbon dioxide in the blood were determined The mixture breathed con 
tamed 9 per cent of oxygen 

Subsequent experiments on tlie same subjects with mixtures containing 
varynng amounts of CO and O (now m process) are leading to interesting 
implications 
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riic experiments from a theoretical point ot Meu bear out the lupothe^'is 
th it tlure IS no sin^ic hormone or mechanism rc«ponsible for the control of 
hre ithinfT 

Studies 111 Iiilcstmal Aitaph\Ia\is B\ Ahifrt J Sluinan (h\ iiuitation) 
and Fr\ncis G Blake, New Ha\en, Conn 
In an efiort to obtain some knowledge concerning the so-called intestinal 
anaplnlaxis of man, a stud\ ot tlie enteral sensitization and intOMcation of 
guinea pigs with normal human scrum has been undertaken Mature pigs 
01 3aO to 500 grams were sensitized In the oral administration of 2 cc of 
human serum daiK for ten daes Xo reactions were noted during this jieriod 
After an 18-da\ rest period the animals were subjected to the intraaenous 
injection of 1 cc of the same serum Fifte per cent died within 5 minutes, 
25 per cent de\ eloped sea ere shock but recoaered In the remaining 25 per 
cent no reaction occurred 

In repeating the c\periment aaith aoung pigs of from 110 to 250 grams 
It aaas found that sea ere reactions, consisting of aomiting choking, con- 
aulsions and death frequentla dea eloped during or a feaa minutes after 
the oral administration of the serum Control animals giaxn aaater reacted 
hkeaaise It aaas therefore decided that because of this danger of aspiration, 
ana further studies on small pigs must be conducted ba the administration 
of the antigen through a stomach tube Such studies indicate (1) that 
occasional mild and moderate reactions aahich maa be anaphalactic m nature 
can be obtained ba the stomachal administration of antigen to preaiouslj 
sensitized animals and (2) that animals sensitized intraaenousla are not 
easila desensitized ba the stomachal administration of the antigen 

Studies ill Sleep Ba H G \\ olff and (ba inaitation) W Horsefi GaNTT, 
Xeaa ''i or! X Y 

Tlie conditioned reflex aaas used as indicator, along aaith other reactions, 
in an attempt to determine the nature of sleep and aahat circumstances pre- 
cede occur during and finalla dissipate it Dogs aaere useel as experimental 
animals and thea aaere obseraed in an cnaironment m which cssentiallj all 
exicmal stimuli could be controlled ba the experimenter 

It has been sboaan that aahen a conditioned stimulus aahich has alvaas 
l>een lolloaaed ba food is no longer folloa ed ba its unconditioned stimulus 
( fond I the conditioned s^b-v-jra reflex aaill disappear or be extinguished 
In our animals cctintrmshing aaell established conditioned reflexes aaas fol- 
lowed ba marled alterations in the lichaaior of the animals Tlie saliaarj 
re^'ex dimmisl'ed and ultimatela became zero the general motor actiaita of 
UK animal dccreised the breathing a -as sloa' ed and deepened (he caehds 
O'c-opeil o" clo-eal ihc animal rested or leaned against the apj)ar''tus and 
e gaae eae'a o'din'>'a eaidence ot being a-leep Such experimen- 
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tall} induced sleep could be dispelled immediatel} and completeli b> once 
more accoinpan}’ing the conditioned stimulus b} its unconditioned stimulus 
It was also observed that the act of establishing a difficult discrimination 
betrveen allied stimuli tvas often followed by the same etidence of decreased 
motiht} e}ehd and breathing changes and eventually sleep 
These observations indicate that the disturbance created in the central 
nervous system under the described expenmental circumstances becomes 
widespread in its influence Tliey confirm those earlier reported by Pavlov 
and are most readily interpreted in terms of his concept It is found that 
sleep follows periods of internal inhibition i e. negative excitation. In 
certain instances it is initiated by such a process involving first the cerebral 
corte-x but subsequently including subcortical structures and tlieir functions 

Rcdiiclwit III the Total Ntimbcr of Eosinophils in the Circulating Blood b\ 
I arioits Expcnniental Procediirts Bv A Izasd Josev (by invitation) 
and John S Lawience Rochester N Y 
Guinea pigs deprived of food for six to seven davs almost invariablv have 
shown diminished numbers of eosinophils in the circulating blood. A much 
more sudden and marked drop in tlie number of tlie eosinophils has occurred 
foHovvnng the intraperitoneal injection of sodium bicarbonate, ammonium 
diloride and B call The maximum drop with these latter procedures has 
been within six to twelve hours It has been associated with a corresponding 
diminution m the number of lymphocytes in the peripheral blood A similar 
response on the part of eosinophils has been shown to occur following the 
intravenous injection of sodium bicarbonate in the guinea pig, in tile dog, 
and in one adult patient vvith triclniiosis. Studies of sections from various 
organs of the guinea pig have indicated that the reduction m the number of 
eosinophils was not limited to the blood but involved the tissues (with the 
exception of the bone marrow) Finally it has been shown that tlie 
eosinophils can, within certain limitations perform some of the functions 
of tlie neutrophile in inflammation 

The HLinogram (Lciicoc)lc Picture) in Conivlesceiice from Acute Infections 
Diseases By Paul Reemkoff New York, N \ 

It IS relatively easy to determine that a patient is acutely ill from an in 
fectious disease but more difficult to decide when he is well One of tlie best 
aids m gauging the convalescence of a patient is the hemogram or leucocytic 
picture of the blood. 

Daily leucocyte and differential counts were made on 68 patients suffering 
from various acute infections In the cases of SO other patients counts 
were made at critical pomts in their illness 
In conditions such as pneumonia tonsillms and acute rheumatic fever 
recovery is presaged bv a transitory monocyte increase. This occurs as a 
rule while many immature polymorphonuclear cells are still present With 
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a return of the inonocrtcs to nornnl ind the presence of a nornnl nuinher 
of immature poKmorplmmiclcar cells the lemphocsies rise and remain 
el< anted tor a long time ( 35 to 50 per cent) An eosinophilic incren'^e occurs 
with the Kmphocaaic pha<;e In acute rheumatic feaer and tonsillitis and a 
fcaa pneumonic patients an eosinophilic increase is seen carla as aaell as 
1 ite 111 conaalescence 

In latal cases the nionocate« rarela increase and the lamphocates arc 
alaaaas dcprc’^'^cd A marked delaa in lamphocatic and eosinophilic increase 
IS cli.iractcnstic of complications such as pleurisa in the course of pneiiinomn 

Rheumatic Fexer in Adult Poito Rican Immigrants Ba E P Boas, Neva 
\ ork, N \ 

Rlieumatic leaer and rheumatic heart disease arc a era rare in Porto Rico 
Rheumatic infection is not uncommon among Porto Ricans aaho haac im- 
migrated to New York Cita When infection occurs it is apt to be sea ere, 
and in adults tends to approach the childhood ta-pe of the disease This 
occurred in 9 of 13 cases of actiae rheumatic fearer in Porto Ricans studied 
at Mt Sinai Hospital A similar behaaior of tlie disease has been noted in 
negroes aaho haae recentla come from the Southern States The aaerage 
age of the Porto Ricans at the time of their immigration aaas 19 8 acars and 
the aaerage age on the occasion of their first rheumatic infection 22 6 acars 
Seacrita of infection among the Porto Ricans was manifested ba a storiiia 
on'^et aaitli chills and abdominal samptoms bj the frequent deaelopmcnt of 
pericarditis ba a prolonged course and ba higher mortahta The cause of 
the great seaerita of rheumatic feaer in Porto Ricans liaing in New York 
remains obscure It maa be that thea lack immunita due to the absence of 
subclinical infection in Porto Rico before their arriaal in the United States 
\gam climatic factors maa be determining These data point to the im- 
portance of a more sastematic and intensiae studj of the semeiologa and tlic 
prcaalcnee of rheumatic feaer m different parts of the aaorld 

Blood and Organ Changes in Rabbits FoUoximg the Intravenous Injection of 
\ oii-f'alhogi me Bacteria Ba Roiiert N NaE and (ba ma nation) 

\ tna r RaNDOLPH Boston Mass 

Hcaaa •suspensions of B subtdis aaere injected mtraacnousla m rabbits 
Within a lew minutes the circulatmu leucocates, particularla the polamor- 
phnnuclear cells were niarkedla decreased This change also occurred m 
‘ immune and spUnectomized rabbits, but the return to aaithin normal 
limits a\-as more rapid v ith the former Tlie majorita of bacteria a ere 
remoaed irom the blood stream aaithin a feaa minutes in all animals 

In the normal uninjected rabbit there a' ere aliout as mana poKmor- 
phoneclear leucocates in the haer as there aaere in all the circulating bloo<l 
and th'^'e aaere about taaice as mana in the lungs Eolloiaing injec'ion there 
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^va! a marked increase of Uiese cells in the lungs and liver uitli a decrease 
of such cells in the bone niarron The increase in the liver persisted for 
longer than that in the lung The organ changes in splenectomized animals 
were similar In "immune” animals tlie increases in the lungs and liver 
were more pronounced, but there was no decrease in the bone marrow 
Large numbers of the bacilli were found in the lungs and liver, most marked 
in the former relatnely soon after injection and in the latter several hours 
after injection. 

On tlie basis of tliese observations certain facts relating to resistance in 
the rabbit can be obtained. 

Expcnmcntal Stiid\ of the Probable Chemical Basis Producing S\sleimc 
Reactions iii Certain Cases of Cold AUcTg\ Bv GaoRca E Browk 
and (b> imntation) Bayard T Horron, Rochester Minn 
Local and ststemic histamine like reactions m cases of cold allergs have 
been observed in a series of nine cases The local effects on the hands or 
feet consist of pallor, followed b\ redness swelling and increased heat 
After a latent penod of three to four minutes a characteristic systemic re 
action appears This consists of a fall m the blood pressure a sharp rise 
in the pulse rate flushing of the face and a tendency to svncofie with re- 
coveo m fifteen to thirtj minutes The local reaction persists for from 
eight to eighteen hours The reaction suggests that which is observed after 
the injection of small doses of histamine. Furdier studies on the gastric 
secretion and electrocardiographic changes during the attack give further 
confirmaton evidence of the probable chemical basis of this unusual clinical 
sjmdrome The release of histamine or histamine like substances from the 
skin as the result of cold seems probable 

Oxigen Treatment in Chronic Pulmonary Disease Bj Alvan L Basach 
and (In invitation) Dickinson W Richards Jr., New York, N Y 
Seven cases of chronic pulmonan disease have been treated over long 
periods (2 to 7 months) with high oxvgen 
Group ! Two cases had active pulmonary tuberculosis without cyanosis 
or signs of pulmonary insufBciencv No effect was noted on the patients 
general condition or on the course of the disease 

Group II (a) Two cases had active chronic pulmonary tuberculosis 
with extensive lung involvement, moderate cvanosis and dyspnea They 
were treated m an oxvgen chamber and ( in one case) later by nasal catheter 
for 2 months There was definite though only moderate improvement m 
general condition and symptoms The course of the disease was not ap- 
parentlj altered. 

(f>) Tliree cases had chronic pulmonary fibrosis, non tuberculous with 
profound cvanosis and dvspnea Thev were treated with high oxygen (cham- 
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l)i.r or CTthctcr) lor 6 to 7 months Marked inipro\emcnt resulted Iwo 
patients \\cre restored to limited amhulator\ actnit\ 

Studies of arterial blood were made on one patient ol Group II (,a) and 
two ot Group H (b) In one case the CO, increased b} 34 5 \oIumes per 
Cent m a second b\ 18 6 \olumeb per cent while m the third, after 7 month'' 
111 50 per cent owgen, the arterial wiiolc blood CO, content was 130 aohiines 
per cciiL 

\Vc ha\c considered this rise m CO. to be m cftcct an adaptne change 
\ ith high ahcolar CO, the excretion of this gas b\ the lungs can be accom- 
plished in spite of se\ereh limited puhnonare aentilation 

The of Blood Capillaries to Protein B% Cfcil K Drinkfc 

and ( b^ in\itation) Madfleine Fifed Boston, Mass 
Since the work of Starling in 1894 it has been held that impermeabiht\ of 
capillaries to the blood proteins, except for the capillaries of the li\er, spleen 
and intestine, is a general and fundamental properte Protein imperinealnlitN 
has been deemed essential in order to go\ern the mo\einents of water out of 
and into the capillaries It is considered proted b> the fact that the 
glomerular choroidal and cihari capillaries do not permit the passage of 
jirotcin, and b\ the direct obscr\ations of Landis 

experiments carried out during the past two jears ha\c continced us 
that pcrmeabihu of capillaries to the blood proteins is a more general 
propert\ than impermeabiliU L^mph collected from man% different sources 
in the same animal contains from 0 4 to 4 5 per cent of protein Tins 
protein can be shown to consist of serum albumin, serum globulin and 
fibrinogen It must come from the blood, since there is no eMdcncc that 
the tissues in general or the hmphatic endothelium, can form it The mi- 
permeabihte of renal choroidal and ciharj capillaries to protein is not 
eeidcnce applicable to capillaries in general, since m all three of these cases 
the capillarv membrane is reenforced b\ a second Ia\er of cells Our experi- 
ments indicate that hniph and tissue fluid are identical in c<7’'''’F:“=itfon and 
that the protein content of the tissue fluid is of prime importance in niain- 
tammg the water balance of the bod\ 

The Mtaii Llectncal dris ui Bundle Branch Block and its Significance Bj 
A GAPReRD M \cLFOD Pall S Bxrker tb\ inMtation) and Fraxk >. 

ILSOX \nn Arbor, Mich 

It the clearocardiogram is enlarged b\ projection tlie area of the various 
deflections ma\ be measured with a suitable planimcter 

1 roni the areas oi the initial deflections in the three leads the mean elec- 
trical axis during the 0/?5‘-intcr\al nia\ be determined b\ means of the 
princip'c' of Eimhoeen s equilateral triangle 

Tie n e in electrical axis determined in this manner gnes tlic arerage 
directio 1 m \ Inch the excitation \ a\e spreads oxer the \cntricular muscle 
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riie mean electrical axis in bundle brancli block points from the con 
tralateral tovrard the homolateral a-entriele Consequently tile position of 
this axis IS m accord with the new that tlie current interpretation of tlie 
electrocardiograms ascribed to human brancli block must be reused 

In fact, a general law may be formulated that m a mass of excitable tissue 
tile mean electrical axis will always point from the point or center of stimula 
tior toi'ard a determinable point in the tissue whicli in symmetrical masses 
coincides wath the center of mass 

Grmoth in Pnvaie School Children By H Gray and (by invitation) J G 
Ayres, San Francisco Calif 

For the study of growth, nutrition and diseases of the ductless glands 
accurate standards of build are necessary Such standards exist only for 
a few characteristics for public school children m this country, and hardls 
at all for prnate sctiool children Since the latter differ in budd from the 
former new data are especially desirable. The constitution of these chil- 
dren whose parents are charactenzed by professional or economic success, 
and who therefore b\ heredity and nurture mav be expected to be future 
leaders is therefore here studied on the basis of fifteen physical measure- 
ments on about three tliousand boys and about fifteen hmidred girls from tlie 
ages of one to nineteen years The topics treated are averages at each age 
and the variations around the average also differences bettveen these chil 
dren and those reported by others differences m racial stocks, types of build 
and the like The results are designed to be of seryace to physicians con- 
cerned yvith questions of normal and abnormal deyelopment m this speaal 
category 

Further Evidence as to Metabolic Disturbances in Bright s Disease By G 
P Grabfield, Boston, Mass 

It has been slioivn tliat the urinary sulphur and nitrogen excretion and the 
nitrogen sulphur ratio in Bright s disease is of a different type m patients 
yvitli and yyithout renal edema. The changes- are of such a character as to 
make it probable tliat there is a fundamental disturbance m the intermediary 
sulphur metabolism in tins condition. 

It seemed desirable to extend tliese observations by observing the effects 
of salicylates and iodides on the nitrogen and sulphur excretion in Bright s 
disease. This has been done. All tlie subjects were on weighed diets and 
the figures arc dcriyed from three-day periods of observation. Tlie drugs 
were administered for three days after meals the iodides m doses of 0 3 
gram the salicylates m doses of 1 gram. It has been shown that both these 
drugs caused an increase of about 10 per cent in the nitrogen excretion in 
tlie urine of normal individuals but that the increase m nurogen excretion 
after iodide is not accompanied by an increase in sulphur excretion whereas 
in the case of salicylates the two are parallel 
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In stiulMnc: jnticnt'; with Brights di^enst whicli iia\c been reported cl«c- 
vherc we ln\e tonnd thit «uch pnticnts without renal edema showed after 
sodium iodide an increase in the nitrogen-sulphur ratio, similar to, though 
to a 'csscr e\tent than that seen in the normal Tlie patients with renal 
edema showed the opposite reaction It seems not unlikeh that the patients 
e\hibiting tiie ncplirosis semdrome had some difficult) in the mobilization of 
deposit nitrogen be means ot iodides 

When wc consider the cftect ot sodium salicelate, we note that patients 
with nephritis show a similar reaction to that obsereed with iodide nameU 
that the increase in the nitrogen excretion exceeds the increase m sulphur 
excretion This is not due to a difficulta in the excretion of sulphur through 
the kidne\, because it has been shown that these patients remain for long 
periods in negatnc sulphur balance and it is known that sulphur is more 
casih excreted b\ the kidnc\ than nitrogen Patients exliibiting the ne 
phrosis s\ndromc showed a normal reaction to saiicilatcs, so that in the 
case of this drug, as well as that of iodides, we hate e\idcnces of dcMations 
trom tlic usual reaction These reactions are presented as further evidence 
cd anomalies in the nitrogen and sulphur metabolism ocairnng in Bright s 
disease 

The Prognostic Value of Blood I at Curves after Adrenalin in Liver Dis- 
ease B\ Chester M Toxfs and (b^ invitation) Josephine C Wood 
Boston, Mass 

Determinations of the blood fattv acids following the iniection of adrena 
lin have been made on thirtv-five patients with various tvpes of liver disease 
and in addition on a group of normal individuals and m certain disease 
entities in which there is a known disturbance of fat metabolism Normaliv 
there IS a sharp rise in the fattv acid during the first half hour after 
adrenalin tollowed bv a more gradual fall to the previous level W'liere the 
liver IS diffuselv damaged bv an infiltrative process or bv serious infection, 
wc have noted either a lack of rise in the blood fat after adrenalin or an 
actual lall Those cases that were clinicallv the sickest showed the greatest 
vanation trom the normal curve In patients with extreme jaundice but 
with a good prognosis the shape of the curve was normal Tlie actual level 
ot blood fat varied between extrcmelv high and abnormallv low figures 
Patients with high blood fat and no liver disease failed to show the tvpe 
ot curves described aliovc We believe that as a test of liver function the 
alove method has distinct prognostic value 

Ji/f/d; s or HuuGir , Insidin aid Gastric 4cttznl\ Bv Waltep L Palmir 
and (bv invuationi Thfodoif E Hfinz New Yorl X Y 
1 1 PdG Carl'-u 1 jiubli'hed hie cl lesical treatise on hunger in v hich he 
d CL -'^1 die e flier theo' e^ ind the rePtionship bet\ een hunger and appetite. 
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and showed that the pnmao and essential factor m tlie hunger complex is 
the gastric sensation arising from contractions of the empty stomach In 
1929 Quigley lohnson and Solomon reported that the subcutaneous injection 
of insulin produces an increase m gastric motility and tone and a prolonga- 
tion of the hunger period They concludetl that insulin sensations, especially 
hunger parallel rather closeh the degree of gastric activity 

The present work represents a study of the relationship between hunger, 
insulin reactions blood sugar levels and gastric activity m 28 experiments 
on 17 subjects The bndings of previous workers were onlv partially 
confirmed ‘ Hunger pangs” were present in only four subjects Thev 
were definitely coincident with gastric contractions, but were not increased 
in frequency or seventy by insulin The sensation of hunger, however 
usually accompanied the insulin reaction and was fairly well correlated with 
the blood sugar level Gastric activiti was not clearly correlated with 
hunger, the blood sugar level or the sevcritv of the insulin reaction Tlic 
results suggest that the extra gastric factors mat be more significant in the 
genesis of hunger than is recognized at present 

Studies of dad Base and IFalcr Balance m Edema By A. B Hast:xgs 
and S H Lid (b\ invitation) and F R Dieuajde, Chicago 111 and 
Peiping China 

Measurements of tlie acid base and water balance have been made on two 
patients wnth nutritional edema and one witli nephrosis over a penod of 
approximateh two months. These patients had total plasma protein values 
between 4 0 and 6 0 per cent and plasma albumin values between 2 0 and 
2B per cent All showed slight pitting edema During the period of 
observation the acid base balance was displaced for intervals of four or 
eight days to the alkaline side by the administration of sodium bicarbonate 
and to the acid side by ammonium chloride or hydrochloric acid The extent 
of the acid base displacement to the alkaline side was from serum pH 7 40 
to 7 55 and from serum bicarbonate 26 to 40 milhmols per liter the dis- 
placement to tlie acid side was from serum pH 7 40 to 7 20 and from serum 
bicarbonate 26 to 14 mdlimols per liter The effects of these acid base 
shifts may be summarized as follows 

(1) Dunng the periods of alkali administration there occurred for the 
first two to five days an accumulation of water Toward the end of the 
penods, a loss of water occurred in spite of the continued alkali administra- 
tion. Upon tlie discontinuauon of the alkali therapv the loss of water was 
prompt wnth a return to the original water balance level within four davs 
The amount of water accumulated dunng bicarbonate administration varied 
between 220 and 900 cc. The pitting edema usuallv became more noticeable 
while water was being retained The plasma proteins while sometimes 
tending to decrease slightly during alUli ingestion did not vary extensively 
nor consistentI> 
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In ^liniMnp piticntc w iih Brtpln ^ di‘:cT'c \\!iicli ha\c been rcport«I cl«c- 
^\hcrc \\c lia\c found lint <;ucli {nticnts without renal edenn showed alter 
‘^odium iodide an incrca'=c in the nitrogen-sulphur ratio, similar to though 
to a lesser extent than that seen in the normal The patients with renal 
tdinn showed the opposite reaction It seems not unlikeh that the patients 
c-\hihiling the nephrosis s%ndrome had some difficult} in the mobilization of 
deposit nitrogen b\ means oi iodides 

When we consider the effect of sodium salicelate, we note that patients 
with nephritis show a similar reaction to that obseraed with iodide, nameU, 
that the increase in the nitrogen excretion exceeds the increase in sulphur 
excretion This is not due to a difficulta in the excretion of sulphur through 
the kidnea, because it has been shown that these patients remain for long 
periods in negatne sulphur balance and it is known that sulphur is more 
casiK excreted b% the kidnea than nitrogen Patients exhibiting the nc 
phrosis sandromc showed a normal reaction to salicalates, so that in the 
case of this drug, as well as that of iodides we ha\e eaidences of deantions 
from the usual reaction These reactions are presented as further evidence 
o! anomalies in the nitrogen and sulphur metabolism occurring in Bright s 
disease 

The Prognostic I aluc of Blood Tat Curves after Adrenalin in Liver Dis- 
ease Ba Chester M Toxes and (ba invitation) Josephixe C Wood, 
Boston, Mass 

Determinations of the blood fatta acids folloaaing the miectioii of adrena 
lin have been made on thirta-fiae patients aaith various tapes of Iiacr disease 
and in addition on a group of normal individuals and m certain disease 
entities in which there is a known disturbance of fat metabolism Normallj 
there is a sharp rise in the fatta acid during the first half hour after 
adrenalin tolloaaed ba a more gradual fall to the previous level Where the 
liver IS diffusela damaged bv an infiltrative process or bv serious infection, 
we h‘Ve noted either a lack of rise in the blood fat after adrenalin or an 
actual fall Those cases that were clinicallv the sickest showed the greatest 
vanation iroin the normal curve In patients with extreme jaundice but 
with a good prognosis the shape of the curve vvas normal Tlie actual level 
OI blood fat varied between extremelv high and abnormallv low figures 
Patients with high blood fat and no liver dise-ase failed to shov the tvpe 
oi curves described above We believe that as a test ot liver lunction the 
alKjae method has distinct prognostic value 

Studus or Htinotr [nsidin and Gastric Activit\ Ba Walter L Paimfp 
and < ba inauation) TiirciuoRF E Ht ixz Neva York X \ 

In l'd6 C trls/i I pub’idied hi- cla>-sical treatise on hunger in aahich ne 
d -CL -e^l t' e earlier iheo^ic'- 'iid the r*’ 'tionship beta een hunger and appetit'. 
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Studies oil the Mechanism of So called OfLiimg Snap' (Claqiiciiiciil 
D Oiiverliirc dc la Milralc) of Mitral Stenosis Bv Alexander Mar- 
GOLiES (bv invitation) and Charles C Wolfekth, Philadelphia Pa. 

The generallj accepted hj-pothesis that tlie charactenshc diastolic snap or 
click of mitral stenosis is due to opening of the stenosed mitral valve has 
been subjected to analssis Sixtv cases of mitral stenosis as well as many 
normals and various tvpes of cardiovascular disease were studied and the 
following data obtained The sound was eliated only in mitral stenosis, the 
inadence being 60 per cent It is a short snap or click heard best m the 
third or fourth left interspace It begins 0 07 to 013 second after the 
second sound and if the latter becomes reduplicated may maintain its time 
relation to either component Tlie interval shortens as the cardiac rate 
increases. In auricular fibrillation it varies according to the length of the 
preceding ventricular diastole. The snap precedes the diastolic murmur by 
0 03 to 005 second and the peak of the protodiastolic wave of the apex 
cardiogram by approximately 002 to 004 second Comparison ivith roentgen 
kvmograms of the left border demonstrates that the sound occurs at approxi- 
matelv the instant passive rotation has been completed. 

The findings indicate that the characteristics of the ' opening snap are 
different from those of any other sound heard over the heart and are m 
accord with the view that it is due to the vibrations produced in a stenosed 
valve when its opening movement in response to the pressure of blood from 
above is suddenlv limited 

The Cerebral Circulation XIV Changes iii the Human Retinal Circulation 
and Cerebrospinal Fluid Pressure during Carbon Dioxide Oxygen In- 
halation By Stanlev Cobb and Frank Fremont-Smith Boston, 
Jfass 

Wolff and Lennox (Arch Neurol and Ps\ch 1930 xxiii 1097) showed 
m animat experiments that breathing a mixture of carbon dioxide (90 per 
cent) and oxvgen (10 per cent) caused a dilation of the cerebral vessels and 
an increase in the rate of blood 8ow through the brain so that the venous 
blood became more arterial Comcidentallv tlie cerebrospinal fluid pressure 
was increased. We have made analogous observations on man although our 
observations on the cerebral circulation are confined to the retinal vessels. 
Rebreathing a mixture of carbon dioxide (10 per cent) and oxygen (90 
per cent) caused the retinal veins to become bright red and almost mdis 
tmguishable from the arteries the maximum effect being readied in about 
SIX minutes Tlie intracranial pressure was definitely increased during such 
breathing It is probable that the cerebral vessels particularly the arterioles, 
are 'hus dilated in man as well as m animals and that the increased in- 
tracranial pressure is due to the cerebral vascular dilatation It is interesting 
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(2) During the periods ot acid adininistratioii cs'^entnlls the opposite 
chain of c\ents was ohseraed There wab an iinmcdiate lo<;s of water tor 
two to lour daas tollowed In a gam which w.as espccialla marked atter tlic 
acid was discontinued With ammonium chloride the water loss amounted 
to 400 to 6'0 cc During the periods of water loss a decrease of the pitting 
edema was u‘;uall\ recorded Again the aariations m plasma proteins were 
•flight and rather irregular 

Lutievue SiW^oital Ldiiita Accompanied h\ Changes in ihc Scrum Prohtns 
Ba John B Youmans and ( ba inaitation) Alstin Bfii Xa'^haille, 
Tenn 

For the past three a ears cases of obscure edema of the legs and sometimes 
ot the lace and hands liaae been obseracd during the spring and earla 
summer Main gaae a histora of preaious attacks None ot the usual 
causes renal disease heart failure, et cetera aaere found to account for the 
saaelling Although the patients aaere aaell nourished and had no diseases 
which might liaae caused malnutrition, it was thought that the diet though 
not ot a staraation tape might be loaa m protein and the edema due to a 
protein dehciencj Analasis of the blood serum usualla reaealcd a normal 
or increased total protein but aaith the serum albumin at or below the 
lower normal aalue The globulin aaas increased in all cases, gnmg a 
loaaered or sometimes reaersed, A/G ratio Close correlation between the 
presence and degree of edema and the serum protein leads aaas lacking, but 
m genera! the albumin or globulin increased as the edema lessened W'ltli 
increases in the albumin the globulin fell Calculated oncotic pressures 
aaere in general loaa during the period of edema 

The infltunce of Ihc TInroid on the Concciitralion of Protein in Cerebro- 
spinal Fluid Ba W O Thompson and fb) inaitation) Phfiie K 
Thompson and M \r\ ELtranETU Dailef Boston, Mass 
In ma\e<lema the concentration of protein m the cerebrospinal fluid is 
high and in to\ic goiter it is loaa In both the concentration returns to the 
normal lead aahen the basal metabolism is restored to normal ba appropriate 
treatment In cases of maNedema the protein concentration is constant under 
the same conditions but can be anricd at aaill ba aarjing the lead of the 
basal metabolism Repeated lumbar punctures haae shoaan that the con- 
centration in the lumbar region in ca«es oi niaxedenia returns to its initial 
lead onia aera slowla (at least sin daas) tolloaaing the aaithdraaaal of all 
readiia aaailahle fluid The pressure and the quantita ot circulating fluid 
appear to return to their initial leaeK betore the concentration ot protein 
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tion of iron m various {onus, there is a sen transient outpouring of the more 
mature types, followed bv an increase m the more immature forms In the 
hemodiagram the “ shift " is to the “ left m both the blood and bone 
marrow in contrast to the condition in pernicious anemia svhere “ shift ” is 
to the “ left in the blood but to the right ” in tlie bone marrow The 
maximum reticulocvte count is higher the lower tlie initial red blood cell 
count 
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tint \oluntTrv hNiierpnci crusnl "i tlccrtisc m s])iinl tluid pressure in contrast 
to f-Iie increased pressure produced b\ sucli carbon dio\ide-o\%gcn niiNtures 

Tliese CNpennients are of interest in that the\ offer an explanation for the 
dramatic effects of carbon dioxide and owgen rebreathing in arousing pa- 
tients irom stupor (Loeacnliart and his co-workers T ■\ni Med Assoc 
1^29 Ncii 880) 1 e , ba increasing the owgen suppK to the brain, and at 
the same time the\ suggest the possibilita that some ot these stupors nia\ be 
due to chronic cerebral ano\emia 

The RiIattZL litiporlaiicc of Btic Salt rovictt\ and Bacterial Invasion iii 
Bih Peritonitis Ba G O Brolx and <ba ma nation) A P Bums 
and ELi7ABETn McGARRa, St Louis Mo 

The clinical manifestations aahich folloaa introduction of aaholc bile or 
solutions of bile salts into the peritoneal caaitj aaere described in a com- 
munication presented at the meeting of this societa taao a cars ago Recent 
publications haae stressed the importance of the gas-forming bacilli as 
etiological factors in bile peritonitis Reaabridge has given eaidencc which 
indicates that in dogs bile peritonitis is accompanied ba invasion of the 
peritoneal cavita ba B ziclcliti 

Ihe present report is an effort to evaluate the relative importance of in- 
fection and bile salt toxicitv 

W e hav e tound that in mice and guinea pigs death is regularlj caused ba 
intrapentoneal injections of sodium taurocholate in dosage of 800 mgni 
per kilo boda a\ eight and frequentlj in dosage of 500 mgm per kilo Death 
occurs in from one to forta -eight hours In these animals aae have not 
found bacterial mansion of the pentoneum to be an important factor 
Aerobic and anaerobic cultures taken immediatela after death haae iii- 
a-ariabla been sterile 

In dogs similar dosages likewise cause death Here bacterial inaasion 
of the peritoneum occurs much more trequenUa We likewise find B rvelchn 
to be the organism usualla jirescnt In some instances B zucicliti has not 
been found and other organisms haae been present We haae been able to 
demonstrate toxic effects from the bile salts such as depression of bloo<l 
pressure, dehvdration formation ot peritoneal exudate prior to inaasion of 
the peritoneal caaita ba the organism The bacterial infection a'ould appear 
to be an effect secondara to the irritation of the peritoneum ba the bilt salts 

Oi il c Saturc of the Action of Iron in " Secondary ’Anemia Ba Rapiiafl 
Isaacs Cyrcs C Stlrcis and fba invitation) JoitAX'FS Lodffsf' - 
Gpevixck -knn Arbor Mich 

A studa of three stages m the development oi red blood cells freticulocvae 
granule 'c*! hloo<J cell and nuature cell ) m the blood oi patients v ith anemia 
oi hmo-rhage chln-o-t'' and cancer -.ugge-t- that lolloa mg the admim-tr i- 



THE RELATIONSHIP BETIATiEN THE ENVIRONMENT AND 
THE BASAL INSENSIBLE LOSS OF WEIGHT ‘ 

Bt F H WILEY * AND L. H NEWBURGH 

(From the Depariment of Internal Itedtane lledtcal School Umtereily of Mtchtcan 
Ann Arbor) 

(Received for publication ^lay 22 1P31) 

In 1926 Benedict and Root (1) expressed the behel that a quantita 
tive relationship existed between the heat production in the basal state 
and the insensible loss of weight General confirmation was latei' ob 
tamed by Levine and his colleagues (2), and by this laboratory (3) 
The insensible loss is caused by the outward passage of water vapor 
and carbon dioxide, both of which reduce the individual’s weight, but 
It IS simultaneously augmented by the absorption of oxygen The 
only component of the insensible loss of w eight that cames away heat 
IS the water vapor The use of the insensible loss of weight as a 
measure of the dissipation of heat is not strictly quantitative, since 
this loss varies not only with the weight of the water vapor, but is also 
mfluenced by the character of the matenals being metabolized This 
relationship is conveniently expressed as an equation in which the 
weight of each substance is employed 

HjO + COi — Oj = Insensible loss of weight 

The insensible loss of w eight may be obtained by means of an appro- 
priate balance (1) If the heat production of the individual is deter- 
mined by indirect calonmetry, the weights of carbon dioxide and oxy- 
gen are at hand, and these values may be used to clear the equation 
Smee water is now the only unknown quantity, one may, by rearrang- 
ing the equation and substituting the known values, arrive at the 
weight of water vaporized Thus 

HiO “■ Insensible loss — (COi — Oj) 

' The expenses of this inresUgaUon were defrayed in part by a fund for 
the study of nutnuon created by Mr \V K Kellogg of the Kellogg Com 
Flake Company Battle Creek, Michigan 

• National Research Counal Fellow in Medicine. 
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calonmetry wth the use of a Tissot spirometer and the Henderson- 
Haldane apparatus for gas analysis The skin temperature was de 
tennmed by means of a thermocouple of the usual type The surface 
temperature of a number of points on the head trunk, legs, feet, arms, 
and hands was obtained, and the average temperature for each of the 
above areas was multiplied by the fraction of the total area rvhich it 
represented The sum of the figures thus secured represents the ai er- 
age surface temperature of the entire body The desired temperature 
and humidity of the room was obtained in the early morning and held 
at that level through the period requmed for the obsen ations on that 
day Only one set of obsen'ations was made each day, but further 
observations were made at tlie same temperature on other days 

Sen&s 1 Niide Sttbjetl 

Group A Basal stale Effect of atmosphenc temperature The 
temperature was vaned from 18° to 40° C , while the relative humidity 
was kept constant at 20 (±2) per cent The results are shown graph- 
ically in Figure 1 For the sake of danty, the rate of increase of 
atmospheric temperature (C) is plotted as a diagonal 

The heat production (B) followed the expected course Between 
25° C and 37° C , the heat production was practically constant It 
rose very slightly thereafter with increasing atmosphenc temperature 
As the temperature fell below 25° C , there was a sharp increase in 
heat production At 18° C , it had increased over the basal more than 
50 per cent, but was not accompanied by visible shivenng 

From 18° to 30° C , the skin temperature mcreased at about one half 
the rate of increase of environmental temperature Thereafter the 
rate of increase of surface temperature gradually fell off and ap 
preached a constant value of about 36° C Between the environ- 
mental temperatures of 30° and 40° C , the skin temperature increased 
only 1 5° C 

A comparison between the amount of heat removed by the vaporiza- 
tion of water and the total heat dissipated (produced) can best be made 
by separating their courses into three periods 1 hrough the range of 
room temperature betiveen 18° and 25° C , the heat dissipated by the 
vaporization of water increased slowly at a constant rate even though 
the total loss of heat decreased rapidly From 25° to 30° C , the 
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It has been generalh understood for a long time that licit is dissi- 
pated from the bod\ In radiation, conduction, coiuection, and the 
Aaporiration of natcr The latter is of special interest to us since it 
alone can be measured In cliange in n eight Since in an organism m 
the basal state the heat dissipation and heat production are equal 
and since the latter ma^ be accurateh determined, we ha\ e a means of 
arming at the heat dissipated Since, m the second place, the oiit- 
nard passage of water vapor is accompanied bv a loss of weight on the 
part of the organism, an accurate knowledge of the weight of the water 
\apon7ed in a unit of time immediately states the rate of loss of heat 
b> this process, for it is true that at body temperature 0 58 Calorics 
are remo\ed with each gram of water vapor 

AccordingI\ , the determination of heat production b\ indirect 
calorimetn' and of the insensible loss by means of a balance, under 
basal conditions, permits one to arrive at, (1) the amount of heat re- 
mot ed from the organism bv the etaporation of water, and (2) the 
ratio between it and the total dissipation of heat 

Our problem consisted of recording the influence of the temperature, 
humiditt , and motement of the air on the heat removed by the \apor- 
ization of water, and on the ratio between this value and the total heat 
dissipated Since the surface temperature of an mdixidual is not con- 
stant, but is influenced bv the state of the environment, it was al=o 
nccessaiw to record the skin temperature m order to deal with its rela- 
tion to these same tw o \ alues \^ e also w anted to know w hat changes, 
if an\ , are brought about by an ele\ation of the heat production 
FmalK, it is also necessary', in order to get a comprehensne under- 
standing of the mechanism, to know the effect of clothing on the 
subject 

The room in which the experiments were earned out was sufficiently 
insulated so that the temperature and humidity could be kept at any 
desired le\el The moxement of air was obtained bv an electric fan 
\ highlx trained, presumabK normal male indmdual was used as the 
subject He v as 34 years of age, 168 cm in height, and weighed 61 
kilograms The insensible lo's of weight was determined by means of 
a balance accurate to one tenth of a gram The subject lax on a sup- 
port made of wide steel nbbons, and his head rested on a small rubber- 
cox ered pillow The heat production xxas obtained by indirect 
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From 32° to 40° C , it rose rapidly from 35 per cent to 175 per cent 
It reached 100 per cent of the dissipated heat when the skin and at 
mosphenc temperatures were the same (i e 36° C ) 

The events upon which the removal of heat depend may advantage 
ously be thought of as occurring in two fields, separated from each 
otlier by an imaginary line cutting through the environmental tempera 
ture of 30° C In the cooler field the ratio between the total dissipa- 
tion of heat and that portion removed by vaporization is determmed 
by well established physical pnnaples and no biological factors need 
be employed The increase of skin temperature, at a rate one half 
that of the environmental temperature, gives rise to a constantly de- 
creasing temperature gradient between the subject and his environ- 
ment and, consequently the heat lost by radiation conduction and 
convection was also decreased at a constant rate On tlie other hand, 
the rosing skin temperature increased the rate of vaporization of water 
into an atmosphere whose relative humiditj was constant The actual 
increase in the vaporization of water m this field ovas 1 1 grams per 24 
hours per degree change in environmental temperature 

In the warmer field, even at the left hand edge, the difference betw een 
skin and room temperatures was already so small that little heat was 
lost by radiation, conduction, and convection At 36° C , these tem- 
peratures were equal, and beyond that the higher environmental tem- 
perature caused a transfer of heat from the environment to the organ 
ism To compensate for the progressive failure of radiation, conduc 
tion, and convection to remove the heat from the organism at the 
proper rate the vaponzation of water increased very rapidly The 
physical conditions alone would not hccount for the observed increase 
in vaponzation of water (In fact, the almost constant skin tempera- 
ture accounts for practically no increase in vaponzation), and conse- 
quently, the observed increase is due to the active delivery' of water to 
the skin by the sweat glands Thus the dissipation of heat is almost 
entirely brought about by a physiological adaptation of the subject 
to his environment The actual mcriase in the v aponzation of w ater 
was 465 grams per 24 hours per degree change in environmental tem- 
perature, as contrasted with 11 grams in the other field At an en- 
vironmental temperature of 40° C . when the heat production was 1500 
Calones, the heat lost by the vaponzation of water was 2500 Calones 
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rcmo^al of heat b\ \apon/ation continued to increase at the former 
rale c\en tlioucch the heat dissipation throughout this range liad a 
fixed X alue From "^0° to 40° C , the remox al of heat bx the x apon/a- 
tion of water increased at a dramatic rate while the total heat dissipa- 
tion remained practicallx constant 

Finallx , the heat lost bx xaponzation of water expressed in per cent 



Fir 1 NcDrSinjECT The ErrEcr or Room TEMrcKATLKr ox Skin 
Tfmpekatike B\sai 1Ie\t Prodlctiox' and the DissirxTiox oi IlrvT 
HX THE \ XrOR17\TIOX OF \\ XTEK \T A ReL \T1X E HlMIDITX OF 20 PFR CfXT 
\ Sfin temperature in degrees centigrade B Basal heat production 
in Caloncs per 24 hours C Rate of increase in room temperature H 
Heat lo'^t fix the xaponzation of xxater in per cent of the total licit dis*-!- 
paicd E Heat di^'^ipated bx the xaponzation of v ater in Calories per 
24 hours 

of total heat dissipated is represented bx line CDj m the figure It will 
be seen that thi= percentile xaluc xxas different at cxerx atmospheric 
tempo’^aturc It increa=ed from 15 per cent to 30 per cent of the total 
outgoing heat, between the atmospheric temperatures of 18° and 30 C 
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the more rapid removal of heat and the consequent lowenng of the skin 
temperature 

Group D Effect of increased heat production In order to obser\'e 
the response of the mechanism for dissipating heat when the heat 
production nas above the basal level, the subject v,as fed about 600 
grams of beef each morning, about one hour before the studies began 
The data uere obtained dunng the second and third hour after mges 
tion of meat because this is the time when the metabolism is most 
likely to be maintained at the high level charictenstic of the response 
to protein The conditions to which the subject was exposed were 
otherwise the same as in "Group A" of tins senes It will be seen from 
Figure 3 that the heat production was increased about 40 per cent over 
the basal, and showed the same tendency to increase still further in 
response to cold as was observed in the basal state In spite of the 
mcrease of the heat production the percentile ratio between this value 



Fig 3 Nude Subject The Effect of an Increased Heat Pro- 
DUCTIOlf ON THE SkiN TEJIPERATURE AND THE DISSIPATION OF HeAT BY 
the Vaporisation of Water at a Relative Huwdity op 20 Per Cent 
A Skin temperature in degrees centigrade B The heat production 
in Calonea per 24 hours C Heat lost by the vaponiation of water in per 
cent of the total heat dissipated D Rate of increase in room temperature. 
A B' and C' represent the lalues found in the basal state (See Fig 1 ) 
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The extra 1000 Calorics represented the absorption of heat In the indi- 
\ idual from the hot air of the room 

Group B Basal stale Ejfcct of l.umidity The effects of rclatne 
humidit} ranging from 20 per cent to SO per cent ncrc recorded Tlie 
room temperature was maintained at 28° C These effects arc repre 
seated in Tigurc 2 The skin temperature throughout this group 
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PER CENT RELATIVE HUMIDITY 


Fir 2 Nunc Subject The ErrccT of Relatue HuMiDtT\ ox Tiir 
Dissipation or Heat n\ tue \ aporization or ater at an Cnmkon- 
MENTAL Temperature or 28° C 

\ Heat lo‘;t b% the a aporization of water in per cent of tlic total heat 
duMpated B Heat dissipated by the vaporization of water in Calorics 
per 24 hours 

remained constant at 33 5° C (±0 2°) The heat production was un- 
influenced b\ thehumidita It is quite clear that an increasing rclatne 
humidita of the atmosphere caused a decreasing \ aporization of water 
from the surface of the skin, other things being equal Since the skin 
temperature and heat production did not change, the organism was in 
no wax responsible for this phenomenon 

Group C Basal stale EJjetl of XLind When a powerful air cur- 
rent was directed against the nude subject, the amount of water xapor 
ized in a unit of time was definitcK less than when the air was still and 
other conditions v ere unchanged This decrease can be attributed to 
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Senes 11 Clothed Subject Basal Slate 
Group A Heavy "Canton" flannel pajamas with feet, and without 
mattress or blankets The effects of environmental temperature on the 
subject thus clad were recorded m the same \vay as in Senes I-A The 
results are represented m Figure 4 The effect of clothing can be ob 


t700 

l&OO 

1300 

HOC S 
ff 

3 

»eo 3 

700 

500 
300 

10 30 02 24 20 20 30 32 34 

BOOM TEMPtBATURC C. 

Fig 4 Clothed Subject The Effect of Environiiental Teu 
PERATDRE ON THE SkIN TEMPERATURE, BaSAL HeAT PRODUCTION, AND THE 
Dissipation of Heat by the Vaporization of Water 

A Sian temperature in degrees centigrade B Basal heat production 
C Rate of increase in room temperature D Heat lost by the 3 aponza 
tion of water in per cent of the total heat dissipated E Heat dissipated 
by the \ aponzation of irater in Calones per 24 hours 

tamed by comparmg Figures 1 and 4, since all other conditions were 
the same WTien the air was cold the protection afforded by clothes 
permitted a skm temperature high enough so that the organism did not 
produce extra heat. The significant difference between the nude and 
clothed states is the tendency for the amount of heat removed by the 
vaporization of water to approach constancy between the atmospheric 
temperatures of 18° and 30° C when the subject is clothed In fact. 
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and the amount of heat dissipated b\ the \ apori/ation of w atcr follow ed 
llie “^me general plan as it did in the basal state, but difTercd from the 
latter in two definite respects (1) The actne participation of tlie sweat- 
ing mechanism began at a temperature about 4° lower, (2) during the 
range of temperature below the sw eating le\ el, the amount of heat dissi 
pated b\ the \apori7ntion of water showed a greater tendenc^ to ap- 
proach constancN than in the basal state After meat, as m the basal 
state, all of the heat was earned away by \apon7ation when the atmo- 
spheric temperature was 36° C , since the skin temperature in both 
cases had also attained this le\el at that temperature 

Discuss tort 

The stud\ of the effects of the atmosphere on the nude subject in the 
basal state has clearly show n that increasing temperature of the air is 
accompanied by an increasing loss of heat b\ vaponzation of water, 
and that this increase is first slow and then abruptly becomes rapid 
The second fact is the almost uniform decrease in the amount of heat 
removed b\ the vapori7ation of water as the relative humiditv in- 
creases 

\\ hen the heat production is markedly increased abo\e the basal 
le\el, the mechanism for the removal of heat conducts itself, broadb, 
in the same wav as when the heat production is at the basal lei el 
Howe\cr, the actiMt> of the sweat glands is brought into play at a 
lower temperature Consequently, the purelj phjsical mechanism 
fails sooner when extra heat is produced 

If It were intended to measure, in the nude basal subject, the total 
dissipation of heat, or its counterpart, the heat production. In means 
of the weight of the aapori7ed water, it would be essential to construct 
a prediction table of the per cent of the total heat lost b> \apon/ation 
of water at e\er\ atmospheric temperature and for e\en, relatnc 
humidiu in still air Furthermore, it would be desirable to restrict 
the temperature to the fi\e degree range between 26° and 31° C , since 
below 26° C there is a rising heat production, and abo\e 31° C the 
increase in heat remo\ed b\ \apor 17 ed water is so rapid that reliable 
\ allies could scuircelj be expected No one has jet constructed such 
a table 
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It was found that, at an environmental temperature of 25° C , a 
vanation of relative humidity from 20 per cent to 60 per cent did not 
change the amount of heat removed by the vaponzation of water 
Tlie observations also showed that the heat removed by water vapor 
tended to be constant from day to day for this indn idual when the 
environmental temperature and the bedding were constant 

Series III Various Subjects 

It remained to be determined whether a senes of individuals under 
the same conditions, would lose a constant proportion of the dissipated 
heat by vaponzation of water The bedding consisted of a mattress 
covered with a rubber sheet and a blanket, and an additional blanket 
was over the subjects They wore light pajamas The room tempera 
ture was kept at 25° C Table I sets forth the data thus obtained 


Heai dustfusiton by the vaponsilwn of looter for a (roup of subjects under 
constant environmental conditions 


Sublet 


Heat Tott b? 
vnparitttion 
erf IlfO In per 
cent ol totnt 


frr (eni 
Sex— F 24 6 
Sex — 'Al 24 0 
Sex— M 28 S 
kpn 

27 3 
32 0 

Sex— M 22 0 
25J 

28 2 

FJt W Normal— Age 28 Height 180 cm Weight 61 kgra Sex— M 19 3 

219 
219 

Sex— M 21 7 
Sex— M 30J 


L B Diabetic — Age 9 Height 125 cm Weight 25 65 kgm 
G B Nephritic — Age 10 Height 147 cm Weight 26 9 kgm 
C J P Nephntic — ^Age 16 Height 167 cm Weight 58 kgm 
M 1C Normal — Age 23 Height 165 cm AVeight 70 94 
Sex— F 

H M K Obese — Age 29 Height 180 cm Weight 99 kgm 


FDJ Diabetic — ^Age30 Height 174 cm Weight 56 kgm 
LJ7 N Normal— Age 47 Height 168 cm Weight 54 kgm 


Average 


34 0 
27 2 


It Will be seen that the heat dissipated by vaponzaUon, under these 
constant condibons vaned from 19 per cent to 34 per cent of the total 
heat dissipated The average value was 27 2 per cent, and the vana 
tion from it ranged between -30 per cent and +25 per cent. When 
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the heat remo\cd b\ ^apon7atton is constant for the 7 degree range 
between 23° and 30° C , from the subject thus clad 

Group B Varied kinds of clotJini^ Since tlie setting up of a barrier 
betw een the subject and the cn\ ironmcnt produced the abo\ c described 
effect, it became desirable to know whether the further addition of 
mattress and bedding would widen the temperature range through 
which a constant amount of the heat would be remo\ed b\ the \apor- 
i/ation of water 

Throughout this senes the subject lay on a mattress which was at 
times enclosed m a rubber sheet The subject himself sometimes wore 
light pajamas, and at other times he wore hea\y ones We tried the 
effect of co\ering the mattress with a cotton sheet or with a blanket 
The subject was unco^ered, or was covered with a sheet, or one or two 
blankets \\ ith none of these combinations did we obtain satisfactory 
results 

It seemed possible that the irregular results were caused b> the loss 
or gam of weight of the bedding during the period of obseiwation In 
order to o^ ercome this source of error, the follow ing procedure was em- 
plo\ed The subject Ia> quietly for a half hour, or longer, in the bed 
He was then cautiously remo\ed and sat upon an adjoining chair, ap- 
propriately cohered, while the observer determined the weight of the 
bed The subject was then returned to the latter and the insensible 
loss of weight of the system, of which he was a part, was obtained in 
two or three successne interv'als, which together amounted to about 
one half hour After again remo^ ing him from the balance, the weight 
of the bed was obtained a second time The bed was found to lose or 
gam from one to ten grams per hour in an irregular manner The in- 
sensible loss of the subject was then obtained b> correcting the total 
insensible loss for this \alue This method for correcting for change 
in the weight of the bed was emplo\ed in all subsequent observations 

Group C Effect of humidity Since both temperature and humidity 
affect the rate of insensible loss of the nude subject, it was necessary 
to ‘5tud\ the effect of one of these under the new conditions, while the 
other remained constant \\ e chose to \ ary humidity, w hile a constant 
enxaronmental temperature was maintained The bedding consisted 
of a mattress co\ered with a rubber sheet and a blanket, and an addi- 
tional blanket was over the subject He wore light pajamas through- 
out 



A IvlETHOD FOR THE DETERMINATION OF HEAT 
PRODUCTION 0\T;R LONG PERIODS OF TIME^ 

L H NEWBURGH F H WILEY » and F H LASHMET 

(From Ihc Department of Internal Medicine Medical School Unioerstty of Michttan 
Ann Arbor) 

(Received for publication May 22 IWI) 

Heretofore, it has not been possible to measure the heat production 
of individuals leading their usual lives, due to the unavoidable restnc 
tions necessary to carry out either direct or indirect calorimetry It 
IS quite obvious that the movements of a subject in a calorimeter are 
sharply restricted by the capacity of the apparatus and, hence, prevent 
normal activity On the other hand, the t alue of determinations based 
on mdirect calonmetry depends on sampling m such a way that the 
expired air thus collected is really representative of the period, and 
there is no way of knowing whether this is the case Further, the 
sampUng necessarily requires the individual to be at rest for frequent 
ten minute periods and so disturbs his usual routine. I'he method 
which we are proposing is not hampered by either of these two restnc 
bons 

In an earlier paper (1) it was pointed out that the insensible loss of 
weight IS roughly proportional to the heat production of the period, 
proAuded tw o sources of error are excluded namely, first, there must be 
a proper relationship between the rate of heat production and the en 
vironmental conditions and, secondly, the subject must be transform 
mg a minunal amount of energy to mechanical work. In the previous 
paper It w as also shown that the insensible loss of weight is the resultant 
of the w eight of water lost by evaporation, the weight of e.\haled carbon 
dioxide and the weight of absorbed oxygen The relationship can be 
conveniently expressed as an equation 

Insensible loss of weight = HsO + COj — 0i 

' The expenses of this invcstigaUon were defrayed in part b> a fund for 
the study of nutntfon created by Mr W K Kellogg of the Kellogg Corn 
Flake Company Battle Creek Michigan 

• NaUonal Research Couned Fellow in Medidne 
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The experiments now to be described were designed to determine 
whether an individual leading his normal existence would lose a fixed 
per cent of his total heat production by the vaporization of water 
The weight of the \aponzed water was multiplied by 0 58 to get its 
equivalent in heat units and this latter value was then compared per- 
centilely with the total heat production 

In order to compare the heat dissipated by vaporization of water 
with the total heat produced it was, of course, essential to know how 
much heat was produced The energy transformations of an individual 
who has been on a constant diet for a long period of time will necessanly 
come into balance with the diet and thereafter the heat production 
will equal the available energy of the diet If an individual w hose food 
has been unrestncted is now placed on a diet whose available energy 
18 not far from his metabolic needs, his transformations of energy will 
shortly be in balance with the energy of the diet When this point 
has been reached the observer will have at hand a knowledge of the 
average heat producbon of the individual If he now obtains the 
•weight of the water vaporized it •will be a simple matter to calculate 
what proportion of the transformed energy was lost in this manner 

Day to day changes in body weight cannot be used to decide 
whether the subject s transformation of energy is greater or less than 
the available energy of the diet due to the irregular hydration and de 
hydration of the tissues On the other hand the trend of the weight is 
significant A persistent loss or gam in the body weight over a long 
penod of time can be taken to mdicate a loss or deposition of body 
tissue The longer the individual has adhered to a fixed plan the 
greater the probability that his energy transformations will be the 
same as the inflow of energy 

After the subject is in balance with a diet, it is necessary to know 
as closely as possible what the actual energy value of the diet is 
Repeated analyses m this laboratory over a number of years have 
shown that the available energy of the ordinary mixed diet, prepared 
in our speaal diet kitchen, is two to three per cent less than the pre- 
scribed 'value- The major part of this deficiency occurs in the fat 
jxirtion (probably due to loss in serving) 

After we had taken pains to arrive at as close a value as possible for 
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The numerical relationship of the three factors making up the insen- 
sible loss of \\ eittht w ns discussed and it w as show n that, ri\ en constant 
weight of aapori7ed water, the insensible loss of weight \arics with the 
respiratora quotient ^ Since the \apori7ation of water is the onl> fac- 
tor in insensible loss of weight that renioces heat from the botI\ , it, and 
not the total insensible loss, should be used when dealing w ith the dissi- 
pation of heat Furthermore, it is true that the dissipation of heat 
keeps pace w ith the heat production w hen there is no change in bod\ 
temperature and, that the heat production is equal to the total energy 
transformations when no energ\ is being concerted to mechanical 
work AccordingK, if a fixed per cent of the total heat produced is 
earned awav by ecaporation of water, then the weight of this water 
capor mac be used as a measure of the total heat production, or its 
cquicalent, m the absence of mechanical c\ork,'‘ the total transforma- 
tion of energe 


^ Rc*piralor> quotient Insensible In«'^lblc 

NNTiter loss of v.’tlcht 

grams j7omj 

too 978 1193 

0 82 978 1054 

0 707 978 940 


■*“ Mechanical work” This term as used in calorimetry means the 
transfer of energy from one sc stem to another The animal bode is made 
up of two s> stems, one, the mass of the bod> and, two, a machine for trans- 
forming energc' Therefore, the organism mac either do work upon itself, 
I e Its mass, or upon some external object Horizontal motion on tlie part 
of the animal organism is accompanied be a negligible amount of mechanical 
w ork since the resistance to this tc pe of motion is c erj small On the other 
hand \ertical motion requires mechanical c\ork in proportion to the product 
of weight and distance In this case all of the energj transformed does not 
appear as heat, since some of it is stored as energc of position Hut in the 
course of the dac s routine, he echo goes up comes down again, and this 
energc of position is lost in the form of heat Only cchen the indicidual is 
further from the center of gracitc at the end of the penod than he was at 
the beginning, has he stored any extra energy of position in himself 

\\ hen an indic idual lifts a cc eight to a higher position, and leac cs it there, 
O'" cc hen he supplies the energc to dnee a machine, he does mechanical worl 
The heat cquicalent of mechanical ccork is cere small One calorie ccill 
lift 427 I cm one meter It is accordinglc ecident that, ocepting tho-f 
c ho earn their hcelihood as laborers, human beings do not concert i sig- 
nificant amount of the energc liberated in the bode to mechanical orl 
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period of si\ty-nine days she received 2000 Calones per day and her weight 
again fell to 53 6 kgm Accordingly, this subject lost weight on diets con- 
taining 1800 and 2000 Calories per day and gained weight when the energy 
intake was 2200 Calories per day A consideration of these values suggests 
that she was transforming energy at a rate of more than 2000 Calones and 
less than 2100 Calories per day 

She was now placed on the same type of diet whose energy value was 2000 
Calones, and the first period, dunng which the twenty-four hourly insensible 
loss of weight was determined, began on the morning of December 22, 1930 
She remained on this diet for eighty-five days and lost 1 1 kgm , or 13 grams 
per day Table I sets forth the data 

TABLE I 


The relatwnslnp bdjseen total heat producttan and the insensible loss of water, 

Subject 11 


Days on 
diet 

Dally insensible 
HsO 

Days on 
diet 

Daily Insensible 
H,0 

Days on 
diet 

Dally Insensible 
HsO 


grams 


grants 


grams 

1 

1044 

22 

1125 

79 

1059 

2 

666 

23 

1167 

80 

1124 

3 

876 

24 

1066 

81 

1176 

5 

916 

25 

956 

82 

1033 

6 

930 

26 

966 

83 

948t 

7 

840 

27 

966 

84 

1011 

8 

1222* 

28 

825 

85 

913 



29 

956 



Averages 

970 


1003 


1037 


Diet (2000 Calones) -b body fat (75 Calones) = 2075 Calones transformed 

Average insensible water = 1003 grams 

1003 X 0 58 = 582 Calones dissipated by vaponzation 


= 28 0 per cent of total heat removed 

2075 

Weight on first day of diet 52 6 kgm 
Weight on last day of diet 52 4 kgm 

* Extra work (Not included in average ) 

■f Sunday 

Subject III T M Male, diabetic, age 56 years, weight 70 kgm , 
height 180 cm , basal metabolism 1640 Calories This subject had been 
on a ■weighed diabetic diet containing about 2525 Calones per day for six 
months, without any significant change in body w'eight On December 31, 
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1930 -when his weight was 70 58 kgm , his diet was changed so it contained 
about 2425 Calones In twenty days on this diet his loss of weight was 
2 8 kgm half of which was lost on the first day He was then returned to 
his onginal diet and in fift> two days he gamed 1 5 kgm From these 
figures It IS obvious that his transformation of energy is about 2500 Calories 
per day His a\erage insensible water (Table 11), omitung da>^ on which 

TABLE 11 


The relahonsinp between total heat prodttciton and th9 tnftfwble loss of watetf 
Subject III 


Dayi 

OQ 

diet 

Dally 

iOKonblc 

HiO 

Dayi 

on 

dlH 

Dally 

Inaombtr 

HKJ 

Day* 

on 

dkt 

Daily 

toaenslble 

HfO 

Day* 

on 

diet 

DaDy 

toMSksaUe 

IltO 

1 Day* 
on 
, diet 

DaBy 

Inaenslble 

HiO 

1 

rr«*r 

1018 

8 

pern 

882* 

15 

frdMt 

833* 

63 

irsmi 

1178 

B 

panu 

967 

2 

957 

9 

1009 

16 

9(H* 

64 

913 


1077 

3 

990 

10 

1035 

17 

929* 

65 

1056 


923 

4 

1143 

11 

1065 

18 

929* 

66 

1033 



s 

878* 

12 

1014 

IP 

1045 

67 

1151 

■ 


6 

1083 

13 

1011 


954 

68 

933 



7 

1059 

14 

846* 

m 

860* 

69 

937 

■ 


Averages 

■ 

■ 

1031 




1031 




Diet (2500 CabrlCT) -« Catones tranafonned 
Average ln*€n»^b\e water — 1026 grams. 

1026 X 0.58 «• 595 Calories dissipated by vaporization 


*= 23 8 per cent of total heat removed 

Weight on first day of diet 70 6 kgm 
Weight on last day of diet 70 2 kgm 

* Too cold (Not included in average,) 

he was known to have been too cold, waa 1026 grams per day This value 
multiplied by 0 S8 indicates a loss ol 595 Calones per day by the vaponzation 
of water, which is 23 8 per cent of the total heat production 

Subject IV RLG Male graduate student age 24 years, weight 66 
kgm , height 174 cm basal metabolism 1700 Calones His average insen 
sible loss of weight over a penod of one week suggested that he was trant 
forming about 3600 Calones per twenty four hours Accordingly a diet 
containing 3700 Calories was presenbed Recalculation according to the 
pnnciples discussed above indicated that he was actually receiving close to 
3650 Calones per twenty four hours He remained on this diet for sixty 
eight days Dunng these sixty-cfght days he added 1000 grams to his body 
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weight If this were solely adipose tissue he would have deposited 125 
Calories daily in that form However, it is probably true that some gly- 
cogen and protein were also deposited These substances per gram of wet 
weight contain much less energy than adipose tissue It would be safe to 
assume that the subject transformed 100 fewer Calories than the energy 
available in the diet (See Table III ) 


TABLE III 


The relcUtOHshtp between total heat production and the tnsen^ble loss of water, 

Subject I V 


Dave on 
diet 

24 hourly Insen- 
sible HiO 

Da> 8 on 
diet 

24 hourly insen 
sible HjO 

Da>8 on 
diet 

24 hourly insen 
sible HiO 




grams 


grams 

22 


36 

1442 

62 


23 


37 

1467 

63 


24 


38 

1542 

64 


25 


39 

1504 

65 


26 

1451 

40 

1362* 

66 


27 

1456 

41 

1534 

67 

1602 

28 

1679 

42 

1663 

68' 

1437 

Averages 

1614 


1502 


1551 


Diet (3650 Calories) — deposition (100 Calones) = 3550 Calones transformed 
Average insensible water = 1544 grams § 

1544 X 0 58 •= 895 Calones dissipated by vaporization 
895 

■= 25 2 per cent of total heat removed 

3550 


Weight on first day of diet 66 5 kg^ 
Weight on last day of diet 67 5 kgm 


* Sunday 

t Sweat (Not included in average ) 
t Afternoon nap 

§ Insensible water, 1614 for 14 days, 1526 for 54 days 


Subject V AW Graduate student, male, age 23 years, weight 63 5 
kgm , height 165 cm , basal metabolism 1600 Calories His average insen- 
sible loss of weight over a period of ten days suggested that he was trans- 
forming about 3600 Calones for twenty-four hours Accordingly he re- 
ceived a diet containing 3650 Calones in twenty-four hours He remained 
on this diet for sixty-five days During this penod he gained 800 grams, 
which, according to the pnnciples discussed under Subject IV, indicates a 
deposiUon of about 80 Calories daily The data are to be found in Table IV 
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table IV 

Th! rthtiomhip ietwten tolal heat produetwn and the insenstMe loti of toafer 
Sutjec! r 


Day* 

on 

diet 

24 bemriy 
{nKTUible 
HtO 

Da>t 

on 

diet 

24 booHy 

{oKotlUe 

H«0 

E>»y» 

on 

(U^ 

24 bouriy 
Insenxibie 
HiO 


24 bonriy 
{n*en*lUe 
ItiO 


Crtfwu 


trams 


trams 


trams 

20 

1827 

34 

1539 

38 

I314* 

59 

mmm 

21 

1315 

35 

1723 

39 

1385 

60 


22 

1505 

36 

1715 

Huh 

1439 

61 

1766 

23 

1673 

37 


41 

1648t 

62 

1279 

24 

1581 



42 

1402 

63 

1510 

25 

1439 



43 

1352 

(A 

1698 

26 

1776 



44 

1492 

65 

1688 

Average* 



1654 


1433 


1578 


Diet (3650 Calonee) - deposition (80 Caloriee) - 3570 Calone* translormed 

Average insensible wster — t538 grams 

1538 X 0^8 <• 882 Calones disstpatcd by vapofuation. 


— = 24 7 per cent of total heat removed 

3570 

Weight on first day of diet 63 7 bgrn 

Weight on last day of diet 64 5 Itgm 

* Very quiet day 

1 3 hours sleep 

t Perspiration (Not included m the average ) 

Subject 1 / If P Medical student male, age 25 years, weight 67 3 
Vgm height 175 cm basal metabolism 1695 Calones This subject was 
placed on a diet of 3425 Calones and left on it throughout the study Dur- 
ing the first thirty five days there was no significant change in weight 
Two weekly periods of insensible water were obtained dunng this interval 
Table Y sets forth this data Dunng a subsequent penod of thirty two 
days he gained 1400 grams Both the subject and we were aware that he 
was less acuve throughout this interval The average insensible water for 
a week at the end of the second penod was 1296 grams indicating a trans 
formation of 3150 Calones and permitting a deposiDon of 275 Calories 
daily This decrease in insensible water is significant, since the gain in 
weight without change of diet indicated a diminished transformation of 
energy 

Subject VII MW Female chemist, age 24 years weight 73 kgra , 
height 468 cm basal metaliohsm 1615 Calones This subject was put on 
a diet contaimng about 2800 Calones and the daily in^nsible loss of weight 
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TABLE V 


The relahomktp between total heal produchon aitd the insensible loss of water, 

Subject VI 


Days on diet 

Dally insensible HiO 

Daj s On diet 

Daily Insensible HiO 

1 

granu 

1357 

28 

grams 

1383 

2 

1292 

29 

1423 

3 

1415 

30 

1700* 

4 

1349 

31 

1501 

5 

1411 

33 

1447 

6 

1645 

34 

1413 

7 

1518 

35 

1512 

Averages 

1425 


1426 


Diet (3425 Calones) = Calones transformed 

Average insensible water = 1425 grams 

1425 X 0 58 = 826 5 Calories dissipated by vaporuation 


— — : ■= 24 1 per cent of total heat removed 
3425 

Weight on first day of diet 67 3 kgm 
Weight on last day of diet 67 6 kgm 

* Additional activity (Not included in average ) 

was obtained for one week It indicated, on the assumption that 24 per 
cent of the heat production was dissipated by the vaporization of water, 
that her daily transformation of energ^'^ was about 3230 Calones Dunng 
this period she lost weight very sharply 

She was then placed on a diet containing about 3150 Calones Her 
weight did not change significantly during the nevt two weeks, at which 
time she acquired an acute infection, causing the expenment to be inter- 
rupted for sixteen days During this interval she gained weight She now 
began to live on the experimental diet again, and her weight at the beginning 
was 73 68 kgm She lost weight slowly on this diet, as was to be expected, 
since the insensible loss of water for a second period of one week indicated a 
transformation of 3215 Calories per day After two weeks on this diet, her 
calorific intake was increased to 3225 Calories After four weeks on this 
last diet, her weight was back to the original lev'el These considerations 
indicate that an average daily intake of 3210 Calones was necessary for 
maintenance of weight 

Subject VIII Male chemist, age 28 years, height 183 cm , weight 57 
kgm , basal metabolism 1470 Calones This subject was placed on a diet 
contaimng 2922 Calones per day Since this penod was to be used as the 
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TABLE VI 

The rrlatwruhp Utaten tola/ heal prodiidion and the insensible lass of water, 
Subjed VJJ 


Dar* on dlH 

Danjr hifcnttble HiO 

Days oa dirt 

DaUy Insensible HiO 


crams 


trams 

I 

1433 

38 

1435 

2 

1769* 

39 

1253 

3 

1190 

40 

1500 

4 


41 

1220 

5 


42 

1363 

6 


43 

1585 

7 


44 

1220 

Averages 

1330 


1368 


Diet (3210 Calones) •• CaJonc® transformed 
Average insensible v.-ater •» 1349 grams. 

1349 X 0 5S 781 Calones disapaled by vaporization 


« 24 4 per cent of total heat removed 

3210 

Weight on first day of diet 73 7 kgm 

Weight on last day of diet 73 7 kgm 

* Extra work (Not included in average ) 

basis for comparison in another study, we took great pains to get the actual 
aiailable energy of the diet by use of the bomb calonmeter He was found 
to be in nitrogen balance and since his daily variation in weight was so 
slight and the total change o\ cr a period of eighteen days was only 14 grams 
It 18 safe to conclude that he was also in calonc balance Calculation of 
water exchange showed that he was m balance in this respect also, and that 
a loss or gain of tissue had not been concealed by a shift in water A graph 
of hi3 weight record, corrected for daily shifts in water exchange is a straight 
line His total insensible water for eighteen days was 21,964 grams, and 
this multiplied by 0 58 gave 12,739 Calones or 708 Calones per day lost 
by the vaponration of water This is 24 2 per cent of the total energy 
transformation 

DISCUSSION 

Our earlier study (3) in this field clearly showed that (1) the amount 
of heat lost by the vaponzatlon of water in the nude, restmg subject 
was stnlongly affected by the temperature and the humidity of the 
environment (2) that the effect of humidity was negligible when the 
subject was clothed, and that the effect of temperature was less marked , 
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and (3) that, in the short basal penods with clothed individuals in the 
presence of a fixed environmental temperature, the amount of heat 
lost by the vaponzation of water varied from about 20 to 34 per cent 
of the total heat dissipated Even though this method is not adapted 
to measunng heat production accurately for brief intervals of time, 
there is, a pnon, no reason why it should not be successful as a means 
of obtaining the total exchange of energy over protracted periods 
Our investigations have emphasized the necessity of guarding against 
two sources of error We have found that when the individuals be- 
come unusually warm, the ratio between the heat lost by vaporization 
of water and the total heat production increases markedly above the 
average and returns to the usual value when the condition is corrected 
This condition may be due either to an increase in the environmental 
temperature or to an increase in the heat production, and can often be 
corrected by an adjustment in the amount of clothing In any case 
the individual is generally aware of being uncomfortably warm For 
example, in Table III, on the sixty third day, the subject, following his 
usual routine, unwittingly wore heavy winter clothing while walking 
out of doors on a day strikingly ivarm for the season He was consci- 
ous of perspiring freely and his insensible loss of water rose from an 
average of 1550 grams per twenty-four hours to 1927 grams Thus a 
subject in an experiment of this type should be warned to prevent him- 
self from becoming uncomfortably warm On the other hand, an un- 
usually large value for the insensible water of a twenty-four hour 
period does not necessanly mean that the per cent of heat dissipated 
by It IS out of proportion to the average per cent It may simply be 
due to an increased heat production Thus in Table VI, on the second 
day, the subject moved to a new abode and the accompanying increased 
activity was reflected in the insensible water for the period 
The opposite effect has been observed when the individual becomes 
uncomfortably cool A striking example of this effect is seen in Table 
II from the fourteenth to the eighteenth day inclusive Dunng a 
period of unusually cold weather, the subject was either too obstinate 
or too indolent to put extra bedding over himself at night He pre- 
ferred the alternative of having a series of disturbed nights due to being 
uncomfortably cool Obviously this error is more easily avoided than 
the first 



L H NEWBURGH, F H WIl-EY AND F H LASHiffiT 


715 


All of these subjects uere exposed to the wide x-anations m environ 
mental temperature and hurmdity between the heated buildings and 
the cold out of doors dunng the wnter, but they gave no more than the 
habitual attention to keeping their bodies comfortable Nevertheless, 
the daily insensible loss of water for each individual remained within a 
narrow range. 

The individual following hia usual routine tends to expend the same 
amount of energy from week to week rather from day to day It is 
accordingly more significant to compare the weekly averages of in 
sensible water than to compare the dady averages Thus for three 
individuals whose routine was very constant, the weekly averages were 
(Table II) 1042, 1031, 1031 (Table \0 1425, 1426, and (Table VI) 
1330, 1368 In the case of the two graduate chemical students there 
was a change in acUvity in the middle of the period of observaUon, 
and the subjects predicted a smaller insensible loss of water for the 
latter part of the period Thus m Table III there is a fall from 1614 
grams to 1502 grams and 1551 grams on subsequent weeks, and in 
Table IV the w eekly losses for the first part of the period are 1617 grams 
and 1654 grams, and m the latter portion of the penod they are only 
1433 grams and 1578 grams This is a very satisfactory agreement 
betw een the activity of the individual and the dissipation of heat by 
the vaporization of water 

The average per cent of the heat production removed by the vapor- 
ization of water for each individual will be found in Table VII A 

TABl-E vn 


Percentile relalionslnp hetx&een total heai produced and heat removed by 
vapontalion oj water 


Subject 

Total trao*- 
formatlcm 
of eneriy 

Heat k>*t by 
eyapontion 
of HiO 

Surface area 

Retimrka 

LR. 

nioHa 

2075 

txr ctnt 
280 

, sf wore mtitrt 

149 

DiabeUc — Nur»e 

TM 

2500 

23^ 

1 89 

Diabetic — Male 

FDJ 

2995 

24 2 

167 

Diabetic — Interne 

FHW 

2920 

242 

173 

Chemist — Male 

MU 

3150 , 

24 4 

1 79 

Chemist — Female 

M P 

3425 

24 I 

1 81 

Medical Student — -Male 

AW 

3650 

24 7, 

169 

Graduate Student — Male 

R.LG 

3650 

253 

1 80 

Graduate Student — Male 
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survey of the table shows that the results from all but one of the eight 
subjects fall within rather narrow limits In the case of L R , we soon 
recognized that her occupation was such that bursts of intense extra 
effort could not be avoided and these periods were undoubtedly ac- 
companied by sweating Obviously, then, the method is not appli- 
cable to an individual under these conditions Accordingly, we shall 
omit from further considerations the figures obtained m this case - The 
average value for the remaining seven is 24 4 per cent Thus each of 
seven of the subjects, the data from whom appeared to be satisfactory, 
dissipated very close to 24 per cent of the total heat by the vaponzation 
of water On the basis of these results we feel that the measurement of 
insensible loss of water, observing the precautions set forth above, 
furnishes a satisfactory determination of the total exchange of energy 
in the case of the unrestncted individual 

At present there is no reason for believing that this method is not 
applicable to patients lying comfortably in bed, but no data are at 
hand Whether the method has any value in febrile or painful disease, 
is not known 

APPLICATION 

It has been pointed out above that the weight of the vaporized water 
IS proportional to the energy exchange, and that this weight may be 
calculated from the insensible loss of weight when the weight of carbon 
dioxide and oxygen is known Since we strove tq feed this group of 
subjects a diet whose calorific value equaled the heat production, it was 
a simple matter to calculate the carbon dioxide and the oxygen values 
directly from the composition of the diets by means of the constants 
listed on page 706 

However, it is also quite possible to calculate the carbon dioxide and 
oxygen exchange of an individual on any diet, or even in starvation, 
provided the magnitude of the carbohydrate ingestion is known and 
the nitrogen excretion is determmed The procedure for arriving at the 
difference between the weights of carbon dioxide and oxygen, and the 
magnitude of the heat production, for a penod under any of these con- 
ditions, may be conveniently illustrated by means of hypothetical 
examples 

I Starvahon Withm the first few days of starvation, the liver 
glycogen has been destroyed Thereafter, the metabolic mixture con- 



L H NEWBURGH, F U WILEY AND F H LASH»IET 


717 


8i8tB of protein and fat, the protein of which can be determined from 
the nitrogen excretion The remamder of the energy comes from the 
oxidation of fat 

An individual is assumed to lose 912 grams msensibly in twenty four 
hours, and to excrete 8 1 grama of nitrogen during this time. The 
protein destruction is therefore 50 6 grams and 202 Calones w ere liber 
ated from it Smce the subject is starving, the respiratory quotient 
will be close to 0 72 At that quotient the weight of the carbon dioxide 
equals that of the oxygen, hence, under these condibons, the insensible 
loss of weight 13 made up entirely of the weight of the insensible water 
Accordingly the insensible loss of weight during starvation may be 
used directly to get the first approximation of the energy exchange for 
the period Thus 

,,, 912 X 0 58 = 2204 Calones energy exchange (First approxi- 
0 24 mation ) 

(2) 2204 — 202 = 2002 Calones from fat (First approximation ) 
2002 

(3) ”= 210 grams fat (Frst approximation ) 

9 54 

(4) CO, -Os 

50 6 (protein) X 0 08 ■= 4 0 grams 

210 (fat) X (-0 08) = -17 0 grams 

— 13 0 (Second approximation ) 

(5) 912 (Insensible loss) — ( — 13) >= 925 Insensible water 

(Second approximation ) 

(6) X 0 58 ■= 2236 Calones energy exchange (Second ap- 

® proximation ) 

The second approximation yields a sufficiently accurate answer, since 
the third approximation will be within 0 5 per cent of the second one 
II Submatntcnance When a subject is being undernourished, a 
depletion of liver glycogen also tabes place and within a few days Ae 
carbohydrate of the metabohc mixture is equal to that of the diet 
The subject must accordingly come into carbohydrate balance before 
precise values for energy exchange can be obtained by this method 
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An individual is assumed to be receiving the following diet protein 
70 grams, fat 100 grams, carbohydrate 100 grams The insensible 
loss of weight IS assumed to be 1027 grams per twenty-four hours, with 
a nitrogen excretion of 11 8 grams Hence, 74 grams protein were 
oxidized, yielding 296 Calories Since the subject had attained carbo- 
hydrate balance he was oxidizing 100 grams carbohydrate per twenty- 
four hours, from which he obtained 400 Calories 

From inspection of the constants previously cited, it is evident that 
the greatest portion of the difference between the weights of the carton 
dioxide and oxygen is due to the combustion of carbohydrate, and, 
since the effect of fat and protein upon this difference tend to cancel 
each other, a first approximation of this difference may be obtained by 
considering only the carbohydrate 

(1) CO 2 — O 2 (First approximation ) 

100 grams carbohydrate X 0 41 =41 grams 

(2) 1027 (Insensible loss) — 41 = 986 grams insensible water 

(First approximation ) 

(3) 986 X 0 58 = 2383 Calories energy exchange (First approxi- 
mation ) 

(Calories from protein) — 400 (Calones from carbo- 
hydrate) = 1687 Calories from fat (First ap- 
proximation ) 

grams fat (First approximation ) 

(Second approximation ) 

X (-0 08) = -14 

' ’lydrate) X 0 41 = 41 

X 0 08 = 6 

33 

' Insensible water (Second 
approximation ) 

I 

change (Second approxi- 
mation ) 


0 24 

(4) 2383 - 296 


(SJ = 177 


tly accurate 
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HI Mantlenance In this case, over anv protracted penod, the 
carbohydrate of the metabolic mixture ■will be the same as that of the 
diet The small inequalities on single days will balance each other over 
any few days Accordmgly, the difference betiveen the weights of the 
carbon dioxide and oxygen may be calculated from the diet 

IV Supcrmawttnance The extra energy of such a diet may be de- 
posited os any of the food stuffs Smce the amount of protein oxidized 
13 determined by nitrogen excretion deposition of extra protein does 
not concern us in the calculation of the metabolic mixture 

After a few da> s it may be safely assumed that no more glycogen w ill 
be deposited Thereafter the extra energj contamed in the carbohy- 
drate and fat of the diet will be deposited as fat Further, for purposes 
of calculation, it may be properly assumed that tlie carbohydrate of the 
diet 18 completely oxidized However, it maVes no difference in the 
calculation if a portion of the dietary carbohydrate is deposited as fat 
and the equivalent energy obtained from the oxidation of fat, as will be 
shown below 

Let us assume that a subject receives 100 grams of glucose and com- 
pletely oxidizes it The COi — Oj for it would be 146 7 — 106 7 = 40 
grams Let us next assume that when the same amount of heat is 
liberated, fifty per cent of it comes from the oxidation of the glucose it- 
self that the remainder of the glucose is first converted to fat and that 
the latter is then oxidized The carbon dioxide and oxygen values for 
the 50 grams of carbohydrate burnt as such are 73 3 grams and S3 3 
grams respectively The remainmg 50 grams of glucose are isocalonc 
with 19 8 grams of fat However, the carbon content of this fat is only 
, 75 2 per cent of that contained in 50 grams of glucose Since the con- 
version of carbohydrate to fat is an endothermic reaction, the remain- 
ing 24 8 per cent of the 50 grams of glucose must be oxidized to furnish 
the energy for the reaction This latter oxidation yields 18 2 grams of 
carbon dioxide and requires 13 2 grams of oxygen The oxidation of 
the 19 8 grams of fat yields 55 I grams of carbon dioxide and requires 
56 9 grams of oxygen But, in the conversion of 37 6 grams of carbo 
hydrate to the 19 8 grams of fat, 16 9 grams of oxygen are liberated 
Hence 
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CO, 

O, 


groms 

grams 

50 grams Glucose 

73 3 

53 3 

19 8 grams Fat 

55 r 

56 9 

12 4 grams Carbohydrate 

18 2 

13 2 


146 6 

123 4 

Oxygen liberated 


16 9 



106 5 

COj — 0; = 40 1 grams 




Thus when the dietary carbohydrate is insufficient to furnish more 
than the total requirement of energy, and when it is impossible for the 
mdividual to store glycogen, it is legitimate to assume that the indi- 
vidual is ovidizing all of the ingested carbohydrate In the unusual 
condition, when the individual is made to ingest carbohydrate whose 
calonfic value is in excess of the total transformation of energy, special 
calculations will be needed 

Since it has now been shown that, under these conditions, all of the 
dietary carbohydrate is oxidized, the calculation proceeds as already 
described for submaintenance 


summary 

(1) Eight individuals were fed, as nearly as possible, a maintenance 
diet while they continued to lead their usual lives 

(2) The twenty-four hourly insensible loss of weight was repeatedly 
determined and the average value for the insensible water calculated 
from it by subtracting the difference between the weights of the ex- 
creted carbon dioxide and the absorbed oxygen 

(3) It was shown that the heat removed by this water vapor was 
close to twenty-four per cent of the total heat production 

(4) A procedure was outlined for obtaining the carbon dioxide and 
oxygen values for any type of diet 

(5) Our results have shown that the determination of the twenty- 
four hourly insensible water furnishes an accurate method for calculat- 
ing the heat production of mdmduals leading their routine lives 
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AN IMPROVED METHOD FOR THE DETERMINATION 
OF WATER BALANCE > 

Br F H WILEY * AND L H NEWBURGH 
{From the Department 0 } Internal lledtcine Medical School Dnirerstty oj ificAiian 
Attn Arbor) 

(Received for publication May 22 1931) 

An earlier publication from this laboratory (1) dealt with the meas 
urement of total water exdiange In the interval, the application of 
this method has given nse to a number of modifications which increase 
the accuracy of the results obtained, so that it appears advisable to 
discuss the subject again 

In a recent article (2), we have shoivn that the method of Benedict 
and Root (3) for the estimation of basal heat production from the in 
sensible loss of weight, is subject to rather large errors On the other 
hand, we have pointed out (4) that the determination of the amount of 
water vaporized in twenty-four hours gives an accurate method for 
estimating the total energy exchange in individuals under conditions of 
normal activity This paper mil deal with the water balance in one 
of these individuals on two different diets, since this data is well suited 
for the discussion of the prmaples involved A porbon of the data of 
this experiment is being reported m another publication (5) 

The esbmabon of water balance necessitates the direct determina 
bon, or the calculation of four sources of water to the organism, and 
of three means of excrebon of water from it The factors involved in 
water balance may be advantageously listed as follows 

Eicrnon mler Sewrm o/ leeltr 

1 Water of unne 4 Water of food 

2 Water of Btool S Water drunk, 

3 InKneible water & Water of oxidation 

7 Preformed water 


1 The expenaes of this mvesbgauon were defrajed in part by a fund for 
the studj of nutnbon created by Mr W K Kellogg, of the Kellogg Corn 
Flake Company Battle Creek Michigan 

' National Research Council Fellow m Medicine 
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Let UB first consider those factors which can be determined directly 

1 For the determination of the water excreted in the unne, an 
aliquot of the specimen is placed in a tared weighing bottle, frozen and 
evaporated in a vacuum desiccator until it reaches constant weight 
From the weight of the solids of the aliquot used, the total solids m the 
entire specimen can be calculated The difference between the weight 
of the unne and the weight of the solids contained therein, represents 
the water thus excreted 

2 The water content of the stool can best be determined by evapor- 
ating the entire weighed specimen on a steam bath until its weight is 
constant, and the weight lost in this process represents the water con- 
tent of this portion of the excreta ^ 

3 We have found it very convenient to place the subjects on a special 
diet, which, for short penods of observation, may be repeated each day, 
or, for longer periods, in order to avoid monotony, may consist of three 
twenty-four hour diets which are repeated in cycles of three days In 
the latter case, the water balance is also determined in three day per- 
iods A sample of the diet is prepared as nearly as possible like that 
served to the subject, dried and its dry weight determined The water 
content of a diet depends considerably upon its preparation, but the 
dry weight vanes only slightly from day to day Accordingly, this 
value is subtracted from the total wet weight of the food for any penod 
to determine the water of this portion of the ingesta 

4 The determination of the weight of the water drunk is a simple 
process We have found it convenient to use a large thermos bottle 
fitted with a drinking tube The bottle may be filled and weighed at 
the beginning of the penod and weighed again at the end of the penod 
The difference in the weights represents the weight of the water drunk 

5 The determination of the weight of the water lost insensibly from 
the skin and lungs for any penod, has been discussed at length m an 
earlier publication (4) We have found that the second approxima- 
tion of the insensible water, obtained by the method descnbed, is 
sufficiently accurate 

6 The determination of the water of oxidation depends on an accu- 
rate knowledge of the composition of the metabolic mixture After 

^ Such specimens lose an additional small but negligible amount of weight 
in the vacuum desiccator 
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estimating the heat production from the insensible water, as described 
previously (4), the calculation of the metabolic mixture follow s directly 
The amount of protem burned may be calculated bv multiplying the 
excretory nitrogen by 6 25 In the previous article (4), it was shown 
that, after a few days on any diet the carbohydrate of the diet is equal 
to the carbohydrate of the metabolic mcxture If we now subtract 
from the total heat production, the heat denied by the oxidation of 
protein and carbohydrate (i e 4 Calones per gram in each case), the 
difference is the heat denved from the oxidation of fat This value 
divided by 9 54 will give the grams of fat oxidized Thus we now have 
the three factors making up the metabolic mixture 
The water produced m the oxidation of this mixture is calculated by 
means of the following constants Protein yields 0 41 gram of water for 
each gram oxidized, while 1 07 gram of water is derived from each gram 
of fat The water of oxidation of the carbohydrate may be accurately 
obtained by estimating from the diet sheet, the amounts of glucose, 
sucrose and starch making up the total weight of the carbohydrate 
portion The water produced by the oxidation of one gram of each of 
these carbohydrates is as follows glucose, 0 60 gram sucrose, 0 58 
gram and starch, 0 556 gram The sum of the values obtained for 
protein, fat, and carbohydrates is the total water formed by the oxida- 
tion of the food in any period 

(7) The preformed water entenng into the consideration of water 
balance is the amount of water accompanying any storage of tissue 
or the amount of water previously held by any body tissue oxidized 
dunng the period Since it is classified wnth the sources of water, it 
will be positive when there is a destruction of body tissue, or negatixe 
when there is a deposition of new body tissue If neither of these 
processes obtains the preformed water is zero Protein holds three 
times Its weight of water, and fat holds water to the extent of about 10 
per cent of its weight 

The deposiUon or destrucUon of body tissue is related to the energy 
balance The extent of the storage of potential energy can be ob- 
tained of course, by comparing the total energy available to, and the 
transformation of energy of the subject over any period A fairly ac- 
curate statement of the available energy may be obtained from the 
composiUon of the diet smce protein and carbohydrate have 4 calones 
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available for each gram of footstuff, and fat, due to failure in absorp- 
tion, yields about 9 calories for each gram ingested When this sum 
IS greater than the transformation of energy, there must be an accom- 
panying storage of tissue, and the preformed water is accordingly nega- 
tive If protein is involved, the extent of its destruction or deposition 
can be obtained by comparing the protein intake with the oxidation of 
protein as represented by the excretory nitrogen The energy ac- 
companying this shift in body protein is 4 Calories per gram The 
remainder of the energy deposited m, or obtained from the destruction 
of bod}' tissue, must be due to the change m the amount of body fat, 
since carbohydrate balance was established prior to the experimental 
period This value, divided by 9 54, gives the magnitude of the shift 
in the fat content The weight of the fat and protein deposited or de- 
stroyed multiplied by 0 1 and 3 0 respectively, gives the amount of pre- 
formed water involved 

We have found that a more accurate knowledge of the metabolic 
mixture and the preformed water may be obtained by the use of the 
total heat values of the diet and the excreta It must be remembered 
that when protein is oxidized in the bomb calorimeter, it yields 5 65 
Calories per gram, and when oxidized in the animal body it yields only 
4 Calories per gram due to incomplete oxidation In the latter case, 
the unreleased energy is contained in the urine in the form of excretory 
products of protein metabolism The oxidation of the average mixed 
fat m the calonmeter produces 9 54 Calories per gram of matenal 
When the material is burned in the body it also yields 9 54 Calories 
But m calculating the energy available from the fat ingested, the value 
usually used is 9 Calories per gram, to correct for the failure of the 
organism to completely absorb all of the fat ingested On the other 
hand, an average mixture of carbohydrates, since they are completely 
absorbed and oxidized to carbon dioxide and water in the body, yield 
their full heat value (i e 4 Calories per gram) to the organism If we 
now obtain the full heat value of the diet and stool by analyzing them 
in the bomb calorimeter, and calculate the energy content of the urine 
by multiplying its nitrogen by 8, the difference between the energy of 
the diet and the energy lost in the excreta, is the energy available to 
the organism When the available energy la compared with the heat 
production, the amount of energy stored as tissue or liberated by de- 
struction of tissue, is obtained 
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It IS next necessary to determine the weights of protein and fat in- 
volved But this requires a prior knowledge of the composition of the 
diet This may be obtained m the followmg manner The dietary 
nitrogen multiplied by 6 25 gives the protein The dned diet analyzed 
by the method of Soxhlet gives the fat The total heat value (bomb 
calorimeter) of the diet less the energy contained in protein and fat 
(i e. protem X 5 65 and fat X 9 54) gives the energy' content of the 
carbohydrate portion This value divided by 4 is the weight of carbo- 
hy drate in the diet 

Let us non assume that the available energy was greater than the 
heat producbon and that there was also a nitrogen retention The 
nitrogen is presumably stored as protein, and the energy thus laid down 
is the nitrogen retension X 35 3 (i e 6 25 X 5 65) The total energy 
stored (available energy — heat production) less the energy stored in 
the protein gives the energy deposited as fat The weight of the fat is 
obtained by dividing this value by 9 54 The preformed water, in this 
case 13 a negativ'e value, since tissue is deposited 

I^Tien energy is stored but body protein is destroyed, the total pro- 
tein oxidized less dietary protein, gives the amount of body protein de- 
stroyed This protein yields 4 Calories of energy and 3 grams of pre- 
formed water per gram of protein The available energy here is the 
sum of the total energy of the diet and the total energy of body protein 
oxidized less the energy contained in the unne and stool The energy 
stored is obtained by subtracting the heat production from the avail 
able energy Smce this is all stored as fat, the amount of fat deposited 
can be obtained by dividing this value by 9 54 The preformed water 
of the protein is in this case a positive value, and that of the fat is 
negative The net preformed water is the algebraic sum of the two 

When the heat production is greater than the available energy, the 
calculation of preformed iiater involves the pnnaples described above. 

The i\ ater balance may now be obtained by supplying the numencal 
values to the water balance form on page 723 The total water in, less 
the excretory water, gives the water balance If this difference is 
negative, there has been a loss of water previously held by the body, 
and if positive, it mdicates a retention of water other than that stored 
mth the tissue 
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The use of this method may be exemplified by means of the data ob- 
tained from a norma! subject who first received a maintenance diet 
and then a supermaintenance diet These data are presented in Tables 

I and II Table I deals With energy balance for the penods Table 

II contains a typical water balance sheet for each penod 

In Table I the ■values expressed in columns 1 and 2 were obtained in 
the bomb calorimeter The heat production was obtained from the 
msensible water by the method previously described (4) From No 
vember 5th to the 22nd the subject was in nitrogen equilibrium and 
consequently there was no shift in body protein Hence all of the pre- 
formed water accompanied the shift in body fat. 


TABLB n 
WcU^r balance 
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* A negatii e value represents water held with stored tissue 


Dunng the first six days (2 penods) on the supermaintenance diet 
the subject added 936 grams of water to his body (November 23-28, 
Table 11) He also stored glycogen with its preformed water It is 
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impossible to determine how much glycogen was added, and conse- 
quently there is no way of knowing what portion of this 936 grams of 
new water was laid down as a normal constituent with the glycogen 
This IS an example of the way in which the method fails to give the de- 
sired information about water exchange when the body store of glyco- 
gen IS changing However, the subject could not have added more 
than 200 grams of glycogen, and this amount would require at most 600 
grams of water, leaving 336 grams to be accounted for This reasoning 
brings out the point that the subject during these six days has added 
water to his body m two different ways, since, after subtracting the 
maximum that can be included under the head of preformed water, 
there remains several hundred grams held in the body for some un- 
known reason This latter increment seems to be a lasting addition 
since It did not come out in the next nine days This might simply 
have been the amount of water held with the extra food in the gastro- 
intestinal tract 

If we return now to the water balance obtained while the subject was 
on a maintenance diet (November 5-22, Table II), it will be seen that 
there was a noteworthy variation in the water content of the body from 
period to period m spite of the Constancy of the diet This shift cannot 
be attributed to changes m activity, as may be seen by comparing heat 
production and water balance It emphasizes the lability of the 
mechanism which regulates the water content of the normal individual 
For purposes of study it permits one to regard edema and its counter- 
part, dehydration, as disturbances of this mechanism brought about 
either by naturally occurring disease or by conditions set up by the 
investigator 

A common clinical method of studying the water exchange depends 
solely upon a companson of the water drunk and the urine output 
The values set forth in Table II show how erroneous such a considera- 
tion IS For instance, throughout the experiment the insensible loss 
qf water through the skin and lungs was greater than the total water 
lost in the urine The water of oxidation varied from 30 per cent to 75 
per cent of the water eliminated in the urine The average water drunk 
per penod of three days was 3600 grams, and the average water in the 
urine was 2400 grams A consideration of these tivo values alone would 
indicate a water retention of about 1200 grams per period, or a total 
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retention of 13 kilograms of water during the entire experiment As is 
shcmn in Table II, the actual retention for the entire expenment was 
less than 1 kilogram It is evident then that none of the factors m 
volved m the water exchange can be omitted if an accurate knowledge 
of the water balance is to be obtained 
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THE DOUBTFUL NATURE OF "LUXUSKONSUMPTIOH” ‘ 

Bv F H WILEY* and L H NEWBURGH 

(From the Department of Internal Uediane Medical School Untoernly of M'tchigan, 
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(Received for publicatiOQ May 22 1031) 

In 1911, and several times thereafter, Grafe and his assoaates (1) 
stated that the fasting, resting metabolism of an individual is not pro- 
portional to the surface area, but is significantly affected by the calonfic 
value of the food previously ingested They also postulated that the 
total metabolism is mfluenced in the same way by the total intake of 
energy Accordmg to them, normal animals, including man, mamtain 
a constant weight, almost without regard to the energy intake, and 
obesity is often nothing more than the failure of this alleged mechanism 
to respond normally to the stimulus of food Finally, leanness is an 
over response to a normal stimulus 
They supported these views by the following type of experiments 
A dog was starved for a long time, and its resting, fasting metabolism 
was then determined This value w as used as the basis for comparison 

The dog was now offered an abundance of food, and gained weight 
rapidly The metabolism was repeatedly determined in the fasting, 
restmg state The metabohe rate thus deterimned showed a progres- 
sive increase out of proportion to the increase in body surface Table I 
sets forth their data in detail, rearranged by us 
This increase m metabolic rate of the overfed animal beyond that 
of the starved animal was accepted by them as proof that the restmg, 
fastmg metabolism of the normal animal is increased by previous over- 
feedmg But the metabolic rate obtamed after prolonged starvation 
should not have been accepted as a proper basis for companson, smee 
SchSndorff (2) had previously shown that starvation caused a decrease 

‘ The expenses of this investigation were defrayed in part by a fund for 
the study of nutrition created by Mr W K Kellogg of the Kellogg Corn 
Flake Company, Battle Creek Michigan 

* National Research Council Fellow in Medicine 
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Effect of different degrees of nulnlton upon basal melabohsm, according to Grafe 


Diet and length of period 

Body weight 

Basal heat production 
per 24 hours 

Basal metabolic rate 

Determined 

Predicted * 

After Grfife 

Standard 

Beginning 

kgm 

20 15 

Calones 

1056 

Calones 

987 

per cent 

+54 

per ceTti 

+ 7 

21 davs 

Starvation 

21st day 

15 00 

1 

672 

905 

± 0 

-26 

7 days 

2243 Calories per day 
4th day 

18 50 

816 

963 

+ 19 

-15 

29 days 

2580 Calones per day 
29th day 

20 25 

1047 

992 

+53 

+ 5 

11 days 

1659 Calones per day 
11th day 

20 17 

1112 

989 

+62 

+11 

19 days 

1120 Calones per day 
19th day 

i 

20 00 

1 1061 

980 

+55 

+ 8 

10 days 

882 Calones per day 
10th day 

18 50 

839 

963 

+22 

-13 

7 days 

Starvation 

6th day 

17 50 

856 

946 

+25 

- 9 

2 months Unrestncted 

21 00 

1005 

1005 

+48 

± 0 


* Predicted heat production was obtained from heat production deter- 
mined after the animal had led an unrestncted life for two months This 
value was corrected for changes in surface area as indicated by change in 
weight from 21 00 kgm 
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in thi 3 rate Zuntz (3) later showed that this decrease might be as 
much as 30 per cent below the normal In spite of the demonstration 
by SchOndorff, that a starved dog has a greatly depressed rate, Grafe 
accepted the heat producbon of his dog, after 21 days’ starvabon, as a 
proper value for the basis of his calculations The 24 hourly heat pro 
ducbon of 672 Calones was thus erroneously used as the norm with 
which to compare the metabolism of ovemutnbon When the animal 
was normal, in the usual sense of the w ord (i e. after 2 months of food ad 
libitum). Its heat producbon was 1,005 Calones Starvabon had ac 
cordingly reduced it 26 per cent Liberal feeding permitted the basal 
metabolism to return to approximately the normal value, which at its 
height was 62 per cent above the starvabon level but only 11 per cent 
more than the normal value 

In 1912, Grafe and Koch (4) reported the study of a man whose 
normal weight was 62 62 kgm and whose height was 156 2 cm He 
was 35 years old He came to the hospital sufiering from stenosis of 
the pylorus accompanied by persistent vomitmg Hisweighthad fallen 
to 40 kgm His fasbng, resbng metabolism w as determined, the steno- 
sis was then relieved by operation, and ten days later a penod of over- 
nutnbon was begun It lasted seven weeks, at the end of which bme 
the pabent s weight had again become 60 kgm 

Inspecbon of Table II makes it clear that the undernourished pabent 

TABLE n 


Effeti of dxfcrtnl dcpea of nuirtiion upon bascl mftabohsm according to Grafe 
Sex — i/ Height — 156 5 cm Age — years 


Cooditlon o( patknt 

1 

WcUht 

Sartace arta 

Calorki per iquani 
meter per hoor 

1 Baral meta 
b'^rate 

1 

,D«t embed 

Predicted 

Before operation 1 

1 

ktm 

40 0 

1 34 

1 

303 

1 39 0 

1 

-22 

400 

134 

29^ 

39 0 

-24 

After operation and 
penod of ovemutntion 
(100 Calonc# per kilo) 

602 

1^9 

40 1 

39 0 

+ 2 

602 

139 

41 4 

39 0 

+ 3 


4B 
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exhibited the usual depression of the metabolic rate \^dien the opera- 
tion had made it possible for him to absorb food in large quantities, the 
ingestion of 100 Calories per kilogram caused him to gain in the neigh- 
borhood of 22 kgm in less than two months, and in addition merely- 
permitted the oxidative rate to return to the normal level There is, 
then, no evidence that “ Luxuskonsumption ” increased the fasting, 
resting metabolism 

It should be recalled that Grafe had said that the normal animal 
maintained a constant weight in spite of overfeeding, because the extra 
food stimulated the total metabolism to such an extent that the excess 
was oxidized, but he published no data that dealt with the total 
metabolism 

We have, accordingly, reinvestigated this question In a recent 
publication from this laboratory (5) , we have shown that quantitative 
data regarding the total metabolism may now be secured, and such data 
are included in our study 

The subject was a very thin young man, who weighed 57 5 kgm 
(nude), and whose height was 180 cm (6 feet) He was 28 years old at 
the time the experiment was undertaken At the age of 17 he had at- 
tained his full height and weighed only 50 kgm (110 lbs) By the 
time he was 20 years old he had attained his present weight During 
his tM^enty-first year, for a period of 3 months, he happened to be eating 
food that tasted unusually good He was fully aware of eating much 
more food than usual, and feeling unusually indolent Dunng these 
3 months his weight increased about 11 kgm (25 lbs ) Following this 
unusual expenence, he again partook of food which made no unusual 
appeal to him In spite of his unusual height and leanness, he was 
quickly satiated and did not indulge in the common custom of eating 
before retiring He failed to denve the usual pleasure from sweets and 
pastries His mother diligently tried, without success, to get him to 
eat what she considered a sufficient amount She even forced him to 
take a variety of “tonics” with the hope of increasing his weight 
Hence on the basis of his food habits, his leanness might as easily be 
attributed to an unusually small intake of energy as to an abnormally 
great oxidative rate 

On November 5, 1930, he began to eat all of his food in the hospital 
diet kitchen His dietetic prescnption was protein 91 grams, fat 186 
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grams and carbohydrate 241 grains, giving about 3,000 Calones To 
avoid monotony the dietitian fed these materials in the form of differ- 
ent foodstuffs for three consecuti\e days and used precisely the same 
foodstuffs for every subsequent three day penod The occupation of 
the subject was that of a professional chemist, and he made no con- 
scious alteration in the routine of his life On November 23, 1930 the 
diet prescription v\ as changed to protein 89 grams, fat 413 grams, and 
carbohydrate 445 grams, giving about 5,000 Calones The food was 
fed according to the abov e described plan Dunng part of the second 
penod his activity was slightly but definitely, increased due to pressure 
of extra work This second diet was continued through December 7 
1930 Thereafter, until January 5 1931, he made a senous effort to 
continue to gam weight by overeatmg From the latter date until 
March 19 he took food according to his desues 

Sample diets of each penod covenng the three day cycle, and 
intended to be identical with those served to the subject, were prepared 
by the dietitian except that the milk, cream, butter and sugar were 
mitted The milk, cream and butter are regularly analyzed by thes 
ohospital chemist, and are found to conform with standard value 
The sample diets were dned over a steam bath, weighed and ground to 
a fine pov. der A thoroughly mixed sample was then ignited m a bomb 
caionmeter to obtain its heat value In addition the nitrogen, fat and 
ash content were determined 

The nude, fasting weight of the subject was recorded every third 
morning The total weight of the ingesta, and of unne and stool, was 
also obtained for each three day period The unne and stools were 
analyzed for nitrogen and total solids, and the heat value of the dned ' 
stool was obtained by means of the bomb caionmeter The basal me 
tabohsm was measured three tunes dunng the first jvenod, five t mes 
during the second penod, and several braes thereafter 

The actual total energy of the diet for the eighteen day penod was 
obtamed as follows the milk, cream, butter and sugar were found to 
contain, by calculabon 33,246 Calones The energy value of the re 
raainder of the diet, as determined by means of the caionmeter, was 
23 436 Calones, giving a total of 56 682 Calones The dned stool con- 
tained 2,450 Calones, and the unne contained 1,644 Calones (unnary 
nitrogen X 8) The suhtracbon of the energy lost by excrebon from 
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the total potential energy of the diet left 52,588 Calories available to 
the organism 

The weights of the subject, ingesta, stool and urine, contained in 
Table III, permit the calculation of the insensible loss of weight By 


TABLE m 

Data from our subject on maintenance diet 
Diet — ^3,000 Calones 


Date 

Body 
weight 
at be- 
ginning 
of period 

Weight 

of 

ingesta 

1 

Weight 
of urme 
and stool 

Insen- 
sible 
loss of 
weight 


Basal metabolism 

Basal 

meta- 

bolic 

rate 

Respi- 

ratory 

quo- 

tient 

area 

Pre- 

dicted 

Deter- 

mined 


grams 

grams 

grams 

1 

grams 

i 

square 

Calones 

Calortes 

per cent 







meters 





Novem- 










her 1930 










5-6-7 

57,562 

7,227 

3,348 

3,863 

1 73 

1,640 

1,470 

-104 

854 

8-9-10 

57,578 

7,285 

3,031 

4,413 






11-12-13 

57,439 

6,894 

2,853 

3,537 

1 73 

1,640 

1,510 

-8 0 

811 

14-15-16 

57,943 

7,466 

3,750 

3,801 






17-18-19 

57,858 

6,960 

2,619 

4,104 

1 73 

1,640 

1,450 

-11 5 

776 

20-21-22 

58,122 

7,457 

4,132 

3,899 






23 

57,548 

1 


1 




-10 0 






Total 



Average 







23,617 



1,475 




subtracting from the body weight at the end of the period the weight of 
the ingesta, and adding to this value the weights of the urine and stool, 
and subtracting this modified final weight from the initial weight, the 
insensible loss of weight was obtained (5) The total insensible loss for 
the eighteen days was 23,617 grams In the earlier publication (5), 
we have shown that the total dissipation of heat may be calculated from 
the insensible water Its weight in turn may be calculated by sub- 
tractmg the difference between the Aveight of the exhaled carbon dioxide 
and that of the absorbed oxygen from the insensible loss of weight 
A discussion of the method for determining these values may be found 
m the previous paper (5) In this instance they were 17,674 grams of 
carbon dioxide and 16,021 grams of oxygen, giving a difference of 1,653 
grams Thus the insensible water was 21,964 grams The heat re- 
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moved by it was obtained by multiplying it by 0 58 This heat repre- 
sents 24 per cent of the total heat dissipated (5) The heat dissipation 
calculated m this manner wtis 53,087 Calonea for eighteen days, or 
2,947 Calones per twenty-four hours Accordingly, it is true that this 
subject, leading his usual life, transformed energy at the rate of 2 947 
Calories per day when he was receiving 2,922 Calories per day 
Will he, then, transform more energy merely because he ingests more 
food? 

The subject was, accordingly, fed the second diet, the calorific value 
of which was roughI> 5,000 Calones per day, for 15 days Accurate 
information was obtained for this penod m the same manner as has 
been descnbed (or the first penod It was found that the total energy 
of the diet was 75,125 Calonea for the penod The stools for the penod 
contained 2 745 Calones, and the unne contained 1,056 Calones, giving 
a total of 71,324 Calones available to the organism 

TABLE IV 

/fcm fam« <m lu^matnt^nance diet 
Diet — 5 000 Calones 



Bodf 
wdfbt 
at be- 
glnnitis 
o( period 

Weight 

Wdfht 

Inteii' 

•Ible 
loft of 
vdgbt 


Bacaj metnboUtsi 

Bajol 

boUc 

rate 

Reipl 

ratory 

qncK 

tient 

Date 

of 

Insefta 

of urioe 
and atool 

area 

Pre 

diaed 

Deter 

mined 

I^ovem 

grams 

grams 

grams 

frsm 

Squmrt 

tHsUrs 

Colorist 

CaloHts 

psr ctni 



57 548 

1 8 324 

2 258 

4 143 






26-27-28 
29-30- 1 
Decem 1 

59 471 

1 

S21S 1 

3463 

4 227 

1 76 

1651 

1560 

-5 5 

869 

ber 1 

59 999 

7 991 

3 189 ' 

4 369 

I 77 

1 660 

1 545 

-69 

875 

2-3-1 ' 

60 432 

8 292 

2 739 

4,691 

177 

1 660 

1 575 

-5 1 

843 

S-6-7 

61 294 

7^91 

2,414 

4 313 

1 78 

1 670 

1 600 

-4J 

903 

8 





1 79 

1 679 

1 610 

-4 1 

,880 


■ 

■ 

■ 

Total 

21743 


■ 

■ 

■ 

■ 


Table IV gives the weights of the subject, ingesta stool and urine 
for the second penod The total insensible loss calculated from the 
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table was 21,763 grams The total nitrogen of the unne was 132 grams 
The metabolic mixture was calculated from the carbohydrate of the 
diet, the nitrogen excretion and the insensible loss of weight by the 
method described m the earlier paper (5) It was found to consist of 
871 grams of protein, 1,928 grams of fat, and6,315gramsof carbohydrate 
for the period of fifteen days The corresponding carbon dioxide and 
oxygen values were respectively 16,357 grams and 13,752 grams The 
difference, 2,605, subtracted from the total insensible loss, 21,763, gave 
19,158 grams of insensible water for the period The total heat dissipa- 
tion indicated by this value was 46,298 Calories for fifteen days, or 
3,082 Calones per day Accordingly, the subject transformed 135 
more Calories of energy per day when he was ingesting about 5,000 
Calones than when the intake of energy was about 3,000 Calones, an 
increase of about 4 5 per cent in total metabolism 

The average surface area for the second penod was 2 3 per cent 
greater than for the first period Other things being equal, this would 
call for an average increase of 67 5 Calones per day in the second 
penod, leaving 68 Calones per day thus far unaccounted for These 
68 Calones may be properly attnbuted to the specific dynamic effect 
of the extra fat and carbohydrate of the diet m this period, since there 
IS a quantitative relationship between the amount of matenal ingested 
and Its dynamic effect Lusk (6) has recently stated that the metabo- 
lism IS increased after the ingestion of fat and carbohydrate by four 
per cent and six per cent respectively of the Calones furnished by these 
foodstuffs In the second period the fat was 116 grams and the carbo- 
hydrate 180 grams greater per day than m the first penod Four per 
cent of the extra Calones in the fat is 42, and six per cent of the extra 
Calories in carbohydrate is 43 Thus the total metabolism should 
have increased in the second penod 85 Calones, due solely to the extra 
food ingested It will be recalled that the calculations required us to 
account for 68 Calories in this way Thus all of the increase in the total 
metabolism is disposed of without recourse to “ Luxuskonsumption ” 

From Tables III and IV it may be seen that the basal metabolic 
rate m the second period was about 5 per cent higher than in the first 
period 

An mspection of the respiratory quotients for each penod show s that 
they ivere markedly higher when the subject w'as taking the excessive 
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TABLE V 

Keliim of subject lo nusinteuancc diet 


Pate 

Dfet 

Bodp 
\relght 
at eod 
of portod 


Basal metaboUsm 

B 

Rc- 

tplra 

terry 

qao- 

tleot 

area 

Pre- 

dicted 

Deter 
cjlned 1 

December 8^15 

Delfberate Intake 
of food greater 
than dcmre 

1 

tramt 

61 610 

, tgaorv 

1 mdrrt 

1 79 

CaloritS 

1 

1 679 

I 


p<T ctnl 

1 

- 6 1 

1 

842 

December 15-22 

Same a« above 

62 984 



1,490 

-11 7 

857 

December 22- ' 
January 13 

Food according 
to desire | 

62 256 

1 79 

1 679 




January 13- 
Fcbruary 13 

Same as above 

61 574 

■ 

■ 

■ 

I 

1 

February 13- 
March 19 

Same as above 

60 943 

1 

■ 

■ 

■ 



diet. It 15 generally conceded that this phenomenon indicates that the 
disposal of the previously ingested food is still going on in other words, 
that the metabolism has not yet fallen to its basal level because of the 
continued specific dynamic action 

In the third penod when the subject was still over eating, as evi 
denced by continued gam in weight, the basal metabolism quickly fell 
to Its onginal level This was to have been expected since the diet 
was now onl> moderately excessn e and its speafic dynamic action was 
complete before the determination of the basal metabolism on the 
follow ing morning 

Here again there is no need of postulating a “Luxuskonsumption” 
to account for the facts 

Further information in regard to the response of the subject may be 
obtamed from an analysis of the gam in weight dunng this fienod 
The actual addition of bodv weight was 4,410 grams It is conceivable 
that all of It might have been due to the retention of that amount of 
w ater If this w ere true, it would necessanly also be true that he had 
burned all of the diet However, an anal> sis of the data gives a quite 
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different answer (7) The comparison between the available energy of 
the diet and the transformation of energy shows that the subject ac- 
quired 24,830 Calories deposited as 179 grams of protein and 2,499 
grams of fat These materials m the form of body tissue would deposit 
with them 787 grams of water Hence, the addition of tissue amounted 
to 3,465 grams In addition to this weight there should have been a 
water retention of 945 grams to account for the total gam m weight 
The determination of the water exchange for the period accounted for 
the retention of 897 m addition to that deposited with the protein and 
fat These considerations offer further evidence to demonstrate that 
the extra energy absorbed from the excessive diet was, m tke mam, 
stored and not burned 

DISCUSSION 

About 20 years ago, Grafe stated that the oxidative rate in the 
animal organism was significantly affected by the amount of energy 
taken m It had already been clearly demonstrated by several differ- 
ent investigators that the heat production in the basal state falls as 
much as 30 per cent due to prolonged starvation Much later, F G 
Benedict (8) fed a group of men, who were habitually ingesting 3,200 
to 3,600 Calories, a diet containing 1,400 Calories After three weeks 
the average weight of the subjects had declined 12 per cent and their 
basal metabolism had fallen 18 per cent They were now able to 
maintain this new low weight on 1,950 Calones, and the basal metabo- 
lism remained low It is true then that the organism can reduce its rate 
of oxidation in response to underfeeding and, if the latter is not too 
extreme, weight may be maintained after an initial loss This is clearly 
an adaptation capable of prolonging the life of the organism in the 
face of famine On the other hand, it is not easy to picture any ad- 
vantage obtainable through the ability to dispose of an over abundance 
of food rather than to store it so that it would be available in time of 
need 

Grafe, however, tried to prove that the normal mammalian organism 
did automatically dispose of excessive food through the mechanism of 
an increased metabolic rate We have shown above that his data do 
not support his hypothesis, for when the fasting, resting metabolic 
rate of his dogs Dbtained during a penod of over nutrition is compared 
with this rate obtained when the dog was apparently normal, no signifi- 
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cant increase is found He obtained an apparent increase by first 
pushing the rate dow n by means of a long period of starvation He 
thus obtained a metabolic rate 26 per cent lower than the normal but, 
nevertheless, he accepted this value as a proper basis for comparison 
The same cnticism applies to the study of the patient whose rate was 
22 per cent below normal when he was emaciated and in whom very 
marked " Luxuskonsumption ’ permitted the rate to return to the usual 
level for such an individual in health 

Even though the fasting, resting metabolism does not appear to be 
stimulated by previous over nutntion, it may still be true that the 
total transformation of energy can be increased by this factor, Crafe 
did not deal w ith this phase of the subject at all However, due to the 
development of a method m this laboratory, such data are now obtain 
able without the use of a calonmeter 
The subject whom we studied belonged to the group of persons al 
leged to be pathologically lean because, accephng the dictum of Grafe, 
they oxidize all of the food taken into the body ivithout regard to 
quantity The slight inaease obsened in both the basal and total 
metabolism, on a super-maintenance diet, was found to be entirely 
attributable to the increase in surface area plus the extra spealic dy- 
namic effect of the greater diet It was equally clear that this subject 
was quite capable of gaimng weight when he took food in excess of his 
habitual desire A scrutiny of his life brought out the important fact 
that he had always been indifferent m regard to food, and that he had 
consequently eaten sparingly However, during a short period of his 
life he had food set before him w hich w as so attractive that it overcame 
his indifference and he gained a large amount of weight dunng this 
mter\al A recognition of the fact that he habitually ate less than 
the usual amount of food for his group is suffiaent reason for his 
thinness 

Clearly the body w eight is affected on the one hand by the individual 
metabolic requirement and on the other hand by the total intake of 
energy Evidentli the mechanism commonly called appetite, func- 
tions to maintain a balance betw een the supply and the demand This 
IS hardly the place to discuss the well known factors that influence ap- 
petite and individual metabolic requirements Observations and spe 
cial studies on appetite (9) in this clinic have convinced us that the 
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abnormalities of body weight are regularly due to a failure of the appe- 
tite to make a complete adjustment between the inflow and outflow of 
energy 

SUMMARY 

(1) The basal metabolism and the total transformation of energy of 
an unusually thin subject were recorded when (1) he was on a main- 
tenance diet and (2) when he was being vigorously overfed 

(2) It could not be shown that either the basal or the total trans- 
formation of energy per square meter of body surface was increased 
by more than the increment due to the extra specific dynamic action of 
the additional food 

(3) On the other hand, the subject added about 4 5 kilograms to his 
weight m 15 days when he was being overfed 

(4) No support for the “ Luxuskonsumption ” hypothesis of Grafe 
was secured 
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THE DETEKNHNATION OF POTASSIUM IN CARDIAC 
MUSCLE AND THE PRESUMABLE INFLUENCE OF 
THE BETA RADIATIONS ON THE RHYTHM 

By L, C SCOTT 

(From lU Dtpartment oj Tropical Medutnc, Tulane UmrersUy Nca Orleans) 
(Rcceved for publication May 18 1931) 

A summary of a fairly large senes of analyses on cardiac muscle for 
the pnnapal inorganic constituents was published some time ago 
(Scott (1)) These determinations included both potassium and 
sodium and the method seemed suffiaently convenient and accurate 
at the time. However, it occurred to the author that at least for 
potassium, the function of which appears to be both complex and im 
portant the procedure might be simplified somewhat, thus enabling 
one to obtam even more reliable data, and finally to apply the results 
so obtained to the calculation of the kinetic energy' developed by the 
emanation of the active Beta particles 

For this reason a second senes of determinations of potassium on 
thirty hearts was earned out and the work was simplified by the 
omission of steps unavoidable m the first This was conduave to 
greater accuracy and it is believed that the results are as close an 
approximation to the true potassium content as it is now possible to 
obtain 

A certam amount of controversy has ansen over the advisability of 
dry ashing organic matenal contaimng alkali salts However, Raab 
(2) used dry ashmg and Egg and Minke (3) employed Stolte s method 
with good results Constantino (5) used a modification of the dry 
incineration method which in the end mvolved heating to dnve off 
sulphunc acid Ernst and Scheffer (6) showed conclusively not only 
by mcineration of dned muscle but also by e.xposure of potassium salts 
alone to long periods of heatmg that the objecUons of other observers 
are not tenable, and their tables mdicate that no appreciable losses 
occur even after six days in an electnc furnace 
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This IS in a measure confirmed by the findings with 6 1621 grams 
KCl The salt which had been dried was heated in a palaurium dish 
for three and one half hours to a faint red heat insufficient to melt it 
completely, weighings being made at intervals of 1 hour, 20 minutes, 
1 hour, and 1 hour and 10 minutes The losses which may be attrib- 
uted to water held tenaciously by the crystalline salt were respectively 
0 0023, 0 0028, and 0 0062 grams This was followed by a period' of 
heating for six hours with three weighings at 1 hour and 10 minute 
intervals and two more at 1 hour and 15 minute intervals The results 
were, in order of the weighings, —0 0002, -fO 0004, —0 0002, +0 0001 
and -f 0 0001 gram, that is, there was virtually no loss whatever The 
increases m weight may have been due to moisture absorption while 
weighing When, however, the heat was increased and the salt kept m 
a fluid condition for 1 hour and 5 minutes the loss was 0 1693 gram and 
white fumes were given off This degree of heat was never applied to 
the inaneration of the tissue, and is moreover not necessary The 
latter process required as a rule two and one half to three hours and the 
silica dish in which it was earned out never showed more than a faint 
red, nor was the ash ever allowed to melt 

Duplicates made by myself on cardiac tissue heated three to four 
hours agree extremely well m the ash content Obviously there is 
small chance of error from this source 

METHOD 

The choice of the method for estimating the potassium was decided 
upon after careful review of the literature and insofar as accuracy is 
concerned the old chloroplatinate precipitation method does not appear 
to have been surpassed 

No moisture determinations were made Sixty grams of fresh 
ground heart muscle were dned thoroughly in a silica dish and the 
contents ashed at a very faint red heat The temperature was kept 
low m order to avoid melting the ash in which case it is sometimes im- 
possible to get rid of all the carbon and the ash is not always white 
Some ashes resist heating for periods longer than it is desirable to keep 
the dish over the flame For this reason the ash percentages are only 
approximately correct in the second and third decimal places 

When incineration i\as complete and after weighing, the ash was 
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treated wth strong HCl and evaporated to dryness, it was again heated 
to dehydrate siliac aad, redissolved with a few drops of HCl and care- 
fuU> transferred to a ISO cc beaker Strong ammonia was added 
and the solution stirred thoroughly, scraping the sides of the beaker 
with the rod This precaution faahtates the separation of the mag- 
nesium Clear lime water from C P CaO was added to get nd of 
most of the phosphates and finally slight excess of saturated ammonium 
oxalate solution to precipitate the lime No attempt was made to 
free the solution completely of phosphates, nor is it necessary Feme 
phosphate, however, is troublesome and it passes the filter in small 
amounts despite the use of wash water containing ammonium hydrox- 
ide and ammonium acetate As will be observed, this possible chance 
for error is taken care of later 

After standing over night the preapitate is compact and may be 
readili removed by filtration The filtrate was diluted to 500 cc in a 
calibrated measunng flask to which a two drop SO cc. pipette had been 
adapted 

For each determination 50 cc equivalent to 6 grams of heart muscle 
were measured into a beaker and evaporated carefully to dryness on a 
hot plate It IS advisable to aadify with HCl after the free ammonia 
has been dnven off to minimize the danger of spattering The am- 
monia salts were then expelled, the residue taken up with 2 drops of 
concentrated HQ and 5 cc. of water Platinum chloride (approxi- 
mately 10 per cent) m excess was added, and the contents evaporated 
slowly on a water bath, care being taken not to place the beakers in 
contact with the steam Complete dryness was however avoided In 
the latter event, one or two drops of HCl and a few cubic centimeters 
of water were added, and the evaporation repeated 

When the proper condition had been attained, that is with the 
residue shll moist, the beaker was removed, cooled and diluted tvith 
1-2 cc of water and 95 per cent alcohol added m small quantities 
The first addition should be about 5-10 cc m which the crystals of 
chloroplatinate are broken and ground up with a atimng rod provided 
with a flattened end Afterward the remainder of the alcohol up to 
50 cc. may be added, the whole stirred thoroughly and allowed to 
stand 3-4 hours or preferably over nighL 

The potassium chloroplatinate was filtered off in Gooch crucibles 
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having mats made from asbestos that had been thoroughly digested 
with strong HCl and washed The reduction and subsequent manipu- 
lations are otherwise the usual ones given for this method The 
weight of reduced Pt X 0 3993 = K in grams 

One point, however, deviates somewhat from the routine This con- 
sists m moistening the reduced platinum with a few drops of strong 
HCl after removing the soluble salts with hot water and again washing 
with hot water By this precaution and by dissolving the alkali resi- 
due in the beaker with HCl before precipitation with platimc chlonde 
solution and furthermore by keeping the chloroplatinate precipitate 
faintly acid the error due to ferric phosphate may be avoided Sodium 
phosphate does not influence the precipitation of potassium, and lime 
and magnesium are eliminated, so that the only sources of error aside 
from those defects inherent in the method itself appear to be taken care 
of fairly well The faint excess of HCl does not seem to increase the 
solubility of potassium chloroplatinate in the alcohol Neubauer (7) 
showed that quite appreciable quemtities of sulphunc acid did not 
vitiate the end results 

Checks 

A number of the hearts were assayed m duplicate That is, two 60 
gram portions were taken Usually but not always these checked 
very closely with one another As a rule, however, three to six 50 cc 
portions of the diluted ash solution each representing 6 grams of the 
original heart were used, and there is no reason to think that duplicates 
were necessary 

These determinations alwaj's agreed to the second place and no 
senes is included that did not check in at least three and ordinanly 
five determinations within the third decimal place 'V\dien three very 
close checks were obtained no further determination was made As 
examples, the following may be cited Heart number 128 -showed 
0 178, 0 182, 0 178, 0 173 per cent K while heart number 140 which is 
not so close gave the following figures 0 319, 0 317, 0 329, 0 324, 0 320 
per cent K 

Altogether 120 determinations of K were made on thirty hearts and 
of these, eight have five checks which were used in estimating the 
probable error of the individual determination This was obtained by 
using the formula ±0 6745 S where S is the standard deviation for a 
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senes of checks The probable errors were respecti\ely ±0 0018 
±0 0014, ±0 0025, ±0 0012, ±0 0027, ±0 0027, ±0 0027, ±0 0021 
yielding a mean P E for individual determinations of ±0 0021 gram K 
per 100 grams 

An additional check on the method consisted m determining the K 
m a mixture of disodium phosphate and potassium chlonde approxi- 
mating conditions in the heart sample The results are expressed in 
Table I They furnish, I think, a fair demonstration that phosphates 
do not uifluence the accurate determination of K m muctures 

TABLB 1 

Determtnalum of polasatim in Ihe presence of phosphales 

OJ500 KCl and 0 SOOO gram NoiHPOi 12 Hrf) to SOO cc 

50 cc. equivalent to 0 0250 KCl and 0 0500 NaiHPOi 12 HiO per determination 



PtfOBBd 

KCl 


frOM* 

pams 

1 

0 0338 

0 0257 

2 

0 0336 

0 0256 

3 

0 0334 

0 0254 

4 

0 0334 

0 0254 

5 

0 0330 

0 0250 

6 

0 0330 

0 0250 

7 

0 0334 

0 0254 

"Mean 

00333 

0 0254 


(The KQ used was B and A.C P salt The Na»HPO( vns marked C.P but the 
ongin IB unknown One gram yielded 0 0074 gram Pt = 0 00028 gram KCl for 
0 0500 gram NaiHPOi 12 Hd3 ) 

A summary of the data denved from the analyses including the 
probable error and standard deviation is shown in Table 2 The 

probable error of the mean is determined from the formula ± ^ 

Vn 

in which S IS the standard deviation and N the number of observations 
There is considerable variation in the means of the individual deter- 


TABLE 2 


Summary of analyses on motsl tusue of 30 hearts 
Aah 


Potanlam 


grams per iOO grams wujist 
Mean 0976 

Probable error ot roean ±0 0157 

Standard devrauon 0 1277 


trami fur tOO poms wotif 
0^31 
±0 0066 
0 0538 
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minations For example the ash varied from a minimum of 0 691 
per cent to a maximum of 1 290 per cent, the potassium from a mini- 
mum of 0 129 per cent to a maximum of 0 316 per cent The lower 
figures for ash and K were obtained on a small, soft, flabby, thin walled 
and obviously much degenerated heart from a man 69 years old, 
while the highest were also from a relatively small but thick walled 
male heart 

In general it cannot be said that either pathological changes, age of 
patient, illness that was responsible for death or any other factor is in 
any way correlated with the potassium content This observation 
with reference to other inorganic constituents has already been noted 
(Scott (1)) 

Edema and potmsmm content of heart muscle 
Among the hearts in this senes there were seven from patients 
showing unmistakable signs of cardiac failure with edema There 
were probably more but nothing definite can be obtained from the 
records The potassium content of these hearts is compared with that 
of an equal number from patients dying of diseases in which edema 
did not occur The latter comprised three from tuberculous patients 
and one each from victims of bronchopneumonia, epithelioma, duo- 
denal ulcer, and lues with resultant complications 

The mean of the potassium in hearts from the seven patients with 
edema was 0 220 per cent, and from the seven non-edematous cases 
0 218 per cent This agrees approximately with a series of determina- 
tions of potassium and sodium on fifteen hearts from edematous 
patients and a like number from non-edematous cases previously re- 
ported by Scott (8) The present analyses are believed to be more ac- 
curate but are merely confirmatory In neither senes is there evi- 
dence that the myocardium contains more or less potassium when the 
individual dies of cardiorenal failure with edema than when he suc- 
cumbs to another disease not productive of edema This is not in 
agreement with the observation of Harnson, Pilcher, and Ewing (9), 
who concluded that with chronic congestive heart failure the cardiac 
muscle contained less potassium than in other diseases producing death 

Possible effects of ^-radiations of potassium on the heart muscle 
In 1908 Campbell and Wood (10), Campbell (11, 12) alone and 
McLennan and Kennedy (13) demonstrated beyond a doubt that the 
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potassium atom is continuously disintegrating with the emanation of 
Beta particles and the concensus of opinion seems to be that with the 
exception of very minute quantities of radium it is the only radioactive 
element in the human bod> 

On the basis of these and other obsemations and by companng the 
activity of potassium with that of uranium, rubidium and radium, 
Zwaardemaker (14-15) esbmated the kineUc energy produced by the 
Beta particles of K in the human heart weighing 300 grams as 4 1 
X lO"* ergs per second 

That this estimate is far too high can readily be shown uhen we 
consider the recent investigations of MOhlhoff (16), who also exhaus 
tively ates pnor contnbutions on the subject Furthermore, Zwaar 
demaker assumed that the Beta particles of potassium have an average 
velocity approximating 66 per cent that of light, whereas Kovarik (17) 
states that absorption coefficients indicate the velocity to be betiveen 
82 and 83 per cent 

Besides Beta particles the potassium atom also produces Gamma 
radiations These have been definitely established bv Mtlhlhoff (16), 
Kohlhorster (18) and Behounek (19) Unfortunately the evaluation 
of Gamma rays m terms of kinetic energy is not feasible and at present 
only the estimation of the kinetic energj' developed by the Beta par 
tides IS possible 

By employing the absolute number of 23 Beta emanations per 
second per gram of the element potassium as given by Mtlhlhoff, and 
taking the average velocity to be 82 per cent that of light, one can 
readily calculate the kmebc energy developed by one milligram of K 

The energy of a Beta particle with a velocity of r ■= Pc is 

E = moc’[(l — p’)-'/t — 1] (Kovank and McKeehan (20)), 
in nhidi ntc the mass of a sloiily movmg electron, is 9 X 10““ grams 
c the velocity of light, 2 9986 X I0+'» cm per second, and P the ratio 
of the velocity of the Beta particle to the velocity of light, m this 
instance 0 82 The kinetic energy deimloped by 0 001 gram K is 
thus shown to be 1 392 X 10“* ergs per second 

Now assuming that the mean percentage of potassium in the heart 
muscle is approximately 0 231 per cent, then the disintegration of the 
atoms of this element vill develop 9 64 X lO"' ergs per second in a 
heart containing 300 grams of muscular fibers 
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This amount of energy may appear to be extremely minute but it is 
hundreds times greater than the minimum necessary to stimulate either 
the optic or the auditory nerve endings and moreover it is continuous 
from birth to death, varying only in degree 

The expenmental work of Zwaardemaker has shown that other 
radioactive and, insofar as tissue is concerned, chemically inert sub- 
stances are interchangeable with potassium, which makes it evident 
that the radioactive character of potassium exerts a tremendously im- 
portant influence on rhythmicity One may readily conceive that the 
free energy o the Beta particles can be cumulative and reaching a 
maximum transform the potential energy of the heart muscle in re- 
sponse to node and bundle impulses into the enormously greater mani- 
festation of kinetic energy, the systolic contraction This would 
constitute the function of potassium m the heart muscle m some re- 
spects analogous to that of the cap on a high explosive charge, either 
directly or indirectly as a detonator 

Such a conception of the rble of potassium taken in conjunction with 
Howell and Duke's (21) observations that vagus irritation increases 
potassium elimination might afford a rational picture of the phenom- 
enon of ectopic beats as well as of other disturbances of cardiac rhythm 

SUMMARY AND CONCLUSIONS 

1 It IS believed that the method employed for the determination of 
potassium in the human heart muscle yields quite accurate results 

2 The mean percentage of potassium expressed as the element K 
was found to be 0 231 per cent 

3 There is no material difference between the content of potassium 
in hearts from edematous and non-edematous cases 

Acknowledgment is herewith gratefully accorded Prof D S Elliot 
of Tulane and Prof A F Kovank of Yale University for their kindly 
suggestions 
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GASTRIC SECRETION AFTER HISTAMINE 
ITS EVALUATION AS A QUANTITATIVE 
TEST IN DIGESTIVE DISORDERS 
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John Herr ifusier Deparlmenl of Research Medtctne l/imerttly of 
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(Received for pobtication June 17 1931) 

IITTRODUCTION 

With tlie development of a simple technic for fractional gastnc 
analysis by injecting histamine subcutaneously as a stimulant for 
stomach secretion, we adopted this method as a routine proce 
dure for it seemed to offer advantages over the gruel meal because it 
eliminated the factors of dilution and buffering, and also because it 
afforded a method of detertmnmg more accurately the volume of juice 
secreted by the stomach In time, however, because of the wide 
imnations in the height of the aadity curves, obtained irrespective of 
the ultimate clinical diagnoses, we began to doubt its value We have 
undertaken therefore, to compare the results with histamine with 
those obtained after the gruel meal and after Liebig's extracL 

Feu studies have been reported of gastnc secretion of normal persons 
after the injection of histamine. Schiff (1) found that ' of 33 normal 
males 26 showed aadities of 120 cc. AT/IO per 100 cc or less, 7 greater 
than 120 of 33 normal females 24 showed acidities of 120 or less 9 over 
120 ’ These figures give little idea of the distnbution of his figures for 
the acidity but from the spot diagram of highest total acidity attained 
in a recent senes of normals, reported by Polland and Bloomfield (2), 
It 13 evident that the figures are rather evenly distnbuted between 
40 and 150 

METHOD OF STUDT 

The first method of study was to compare the results obtained by 
submitting 130 patients to the histamine test (a) with those secured by 

^ EdttTird \V Bok Fellov. m Clinical Mediaac 
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TABLE 1 

Diagnoses of patients submitted to histamine test 


Diagnosis 

Chronic gastritis 
Carcinoma of stomach 

Gastric polyposis and hypertrophied mucous membrane 
Functional gastnc disturbance (secretory or motor) 
Gastric neurosis 
Bezoar 

Duodenitis 
Duodenal ulcer 

Duodenal ulcer with perforation (postoperative) 
Duodenal ulcer, jejunal ulcer postoperatively 
Duodenal ulcer, gastnc ulcer (postoperative) 

Duodenal ulcer postoperative 
Duodenal ulcer, chronic cholecystitis 
Duodenal stasis 

Duodenal adhesions (penduodenitis) 

Colitis 

Colitis, mucous 
Colitis, ulcerative 
Diverticulitis of colon 
Small mtestmal stasis 
Visceroptosis 
Constipation 
Intestmal adhesions 
Congenital veil of mtestme 

Chronic cholecystitis 
Cholecystectomy 

Carcmoma of pancreas 

Esophageal spasm 

Neurasthenia 
Menopausal neurosis 
Hypertension 
Sacro-iliac disease 
Syphilis 

Hypothyroid and hypopituitary function 



Total 


130 
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US on a group of patients in the same age decade and with the same 
diagnoses tested by the gruel meal, and (b) with those secured by Farr 
(3) on a group of patients i\ hose secretion w as stimulated by Liebig’s 
beef extract The diagnosis of the 130 patients undergoing the hista- 
mine test are listed m Table 1 Farr s patients had vanous psychoses 
but rv ere in good physical condition 

The second method of study was to compare the results obtained by 
performing both the histamine and the oatmeal gruel tests on a group 
of 39 patients Each test \i as made one or more times The diag- 
noses of this group are listed in Table 2 


TABLE 2 

Diagnoses of paitnls siitmilled lo balk histamine lest and fractional lest meal 
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Technic of histamute test 

After an all-night fast, the fasting gastric contents were removed, as 
completely as possible, through a duodenal tube passed into the stom- 
ach, this specimen was discarded Juice secreted during the next two 
15-minute periods was allowed to syphon off in order to establish the 
rate of secretion before stimulation these specimens were labelled 
“fasting content” Histamine (ergamme aad-phosphate 1 1000 

solution) 0 3 cc was then administered hypodermically The resulting 
juice was collected by syphonage for one hour or more, receptacles 
were changed at 15 minute intervals The volume was measured, and 
the acidity was determined by titration with N/50 NaOH using Topfer’s 
reagent and phenolphthalein as indicators The acidity was expressed 
in the usual manner of qc iV/10 acid per 100 cc of gastric juice 

The juice came readily, once syphonage was started , rarely was there 
any difficulty from clogging of the tube Satisfactory specimens were 
usually obtained, except in a few cases of achlorhydria in which secre- 
tion was sparse Patients were instructed to expectorate all saliva 
dunng the test 

Techmc of Liebig’s extract test 

The fasting stomach was emptied by means of a duodenal tube, and 
preliminary samples of contents were aspirated at 5 minute intervals 
for 15 minutes One gram of Liebig's extract in 50 cc of warm water 
was introduced through the tube into the stomach, and allowed to re- 
main for 5 minutes, the stomach contents were then withdrawn as 
completely as possible Subsequent samples were collected by contin- 
uous aspiration during 15 mmute intervals for one hour Practically 
pure stomach juice was thus obtained 

Techmc of gruel test meal 

The fasting gastric content was removed through a duodenal tube 
after the patient had fasted overnight Three hundred cc of oatmeal 
gruel, uniformly prepared and strained through gauze, was swallowed 
w'hile the tube was m place The first 10 cc sample of gastric juice 
was taken at the end of 30 minutes Follownng this, samples of 10 cc 
■were extracted at 15 minute intervals for a total of an hour and a half 
The residue was then removed and its volume determined The acidity 
was determined as descnbed above 
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RESULTS 

Acidity 

The values for maximal free aad attained m each test after histamme 
for the whole group, excludmg those cases diagnosed as duodenal ulcer 
or duodenitis, are presented in Fig 1 The results in patients with 
ulcer and duodenitis are similarly illustrated in Fig 2 Farr s data 
obtamed by the use of Liebig s extract, are given in Fig 3 In Fig 4 
the results obtained after oatmeal gruel are given for a group of patients 
whose condition was similar to that of the group shown m Fig 1 
IZO 
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Fig 1 Results of Histamine Test on Whole Group Exclusive of 
Cases with Duodenal Ulcer and Duodenitis 
Age plotted as absassae against highest free aad as ordinates 

From an examination of the results of the histamme test it is clear 
that the maximal acidity that was attained varied rather widely in its 
distnbution, and did not tend to fall about the mean value This same 
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scattering of figures occurred with Liebig’s extract, no correlation of 
these variations with the various psychoses or moods of these patients 
has been recognized The observations made after oatmeal gruel on 
the same type of patient as that studied in the histamine test showed 
greater constancy in the maximal acidity 

120 


too 


80 


60 


40 


20 


0 

0 10 20 30 40 50 60 

Fig 2 Results of the Histamine Test on Cases with Duodenal 

Ulcer and Duodenitis 

Age plotted as abscissae against highest free acid as ordinates 

The results of studying the response to both histamine and oatmeal 
gruel in the same patients are illustrated m Fig 5 There is no correla- 
tion between the aadity attained after oatmeal gruel and after hista- 
mine, nor could the variations after histamine stimulation be correlated 
with the diagnoses, except in the instance of the achlorhydrias 
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We thus find very vanable maximal aadities following stimulation 
by either histamine or Laebig s extract after both of these substances 
the stomach secretes into a comparatively empty lumen so that almost 
pure juice is obtained The same variation m maximal acidity has 
been observed in normal persons after histamme (2) We know that 
the stomach tends to secrete a juice of high and relatively constant 
aad content it is this juice, comparatively undiluted, which we recover 
m these tests On the other hand, m the oatmeal gruel test the stomach 

130 
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100 

eo 

60 

40 

a 

0 

Fig 3 Results Obtained by Farr unTH Liebigs Extract Test 
Highest Free Aod Attained 


[Females Males! 
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secretes into a large volume of approximately neutral fluid containing 
buffer substances Nevertheless the volume of oatmeal gruel and the 
degree of buffenng do not seem to determine the maximal acidity at- 
tained after such a meal for the composition and volume of the meal 



Fig 4 Results of Gruel Meal on Whole Group Exclusive of Cases 
WITH Duodenal Ulcer and Duodenitis 


Age plotted as absassae against highest free acid as ordinates 

may be varied without materially affecting the degree of maximal 
acidity attained The gastric response after oatmeal gruel gives evi- 
dence of the operation of the mechanism emphasized by Michaelis (4) , 
“Under normal conditions the gastric secretion aims at reaching a 
definite pH, and the amount of secreted HCl necessary for this 
purpose differs according to the acid combining capaaty of the food ” 
The effectiveness of this mechanism is limited in the test with histamine 
and Liebig’s extract, because the stomach lacks a buffer content to per- 
mit it to operate Since this tendency to attain a definite pH is masked 
when the histamine test is used, quantitative measurement of maximal 
gastric acidity, after histamine, is of little significance or diagnostic 
value This conclusion has no bearing on the demonstrated value of 
histamine as a qualitative test of the stomach’s ability to secrete acid 
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The column at the left repre&enta the difference between the highest free 
aad after histamine and after gruel meal In four cases the aadity was 
loner after histamine In the columns to the right the difference betneen 
the maximal oadity m the tno tests is plotted as ordinates against the 
degree of aadity after the gruel meal as absassae No correlation la appa 
rent except in half the achylias 
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Sex and actdUy 

In the histamine group, excluding the cases of duodenitis and ulcer, 
the males had an average maximal acidity of 45, the females, 42 (Figs 
6 and 7) Bile stained samples were not used m the computations 
This difference of the means of the sexes is less than its standard error 
and IS without significance Kohiyar (6) found, in a large series of 
various gastro-intestmal diseases, that the aadities after a test meal 

IZO 


100 


80 


60 


40 


20 


were higher in the male than m the female the males averaged 26, the 
females 20 Computation of his observations shows that the difference 
betAveen his means was significantly greater than the standard error of 
the difference The sex difference was not significant m our senes of 
gruel tests A sex difference, if it exists, may be related to the fact that 
males are more subject to diseases of the upper gastro-mtestinal tract 
assoaated with high acidity 
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Figs 6 A^D 7 Effect of Set on the Results of Histathne Test, 
Etcluding Cases of Duodenitis and Ulcer Males, Fig 6 Females 
Fig 7 

Age plotted as abscissae against highest free aad as ordinates 
Age and actdtiv 

An increasing incidence of achlorhydna with advancing age has been 
noted (7), but our data iv hen analyzed statistically shot! no significant 
decline m aadity with increasing age either with the histamine or 
gruel tests 

Volume of secretion 

Numerous unters (8, 9 and 10) have called attenhon to Amnation m 
volume of secrebon after histamine. For our whole group of cases, 
exclusive of those with duodenal ulcer and duodenibs, the highest 15 
minute volume for each test is recorded m Table 3 The averages for 


Females 


• • 
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the vanous age decades fell between 30 and 40 cc per 15 minutes This 
agrees well with the results obtained by continuous aspiration (11) (2) 
The duodenal ulcer and duodenitis group averaged about 54 cc per 
15 minutes for each of the age decades from 20 to 50 There were so 
few cases of cancer m our group that no conclusions can be drawn from 


TABLE 3 

Results of Instamtne test Highest 15 minute volume of secretion and age of subject 


HiRhest 
\olume 
per 15 
minutes 

Age 

10-20 

21-30 

31-40 

41-SO 

51-150 

61- 

cc. 

91-100 

cases 

cases 

cases 

cases 

1 

cases 

cases 

81-90 







71-80 







61-70 

1 


2 

2 




51-60 

1 

1 

2 

2 

2 

1 


41 50 

1 

1 

5 

5 

! 

5 

1 


31-^ 


10 

5 

4 

2 

3 

21-30 


3 

5 

4 

4 

2 

11-20 


5 

2 

4 

3 


5-10 1 

1 


1 

1 

3 



Average 
highest test 

49 

35 

27 

33 

29 

31 


the tests that were made, although no striking differences were ob- 
served from the results of the whole group The volumes ranged be- 
tw'een 30 and 50 cc per 15 minutes 

No stnkmg difference, which could be attributed to age or sex, was 
noted m the volume secretion for the whole group 

The relation betiveen volume and acidity after histamine is recorded 
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m Table 4 There is no significant corrchtion It may be noted, 
however, that the 10 cases with zero acidity had maximal secretion 
rates below 30 cc per 15 minutes, whereas 36 of the 107 cases with 
measurable aadity had maximal secretion rates above 30 cc per IS 
minutes Achlorhydrias, therefore, usually have a low volume of 
secretion 

TXDLE 4 

ResuUt of kutamine lest Volume^tdUy relation 
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SUMMARY 

1 The maximal free gastnc acidity after histamine and after Liebig’s 
extract m a miscellaneous group of patients varied, to a far greater 
extent, from the mean value than it did after the gruel meal in a similar 
group 

2 No correlation could be recognized between the maximal free 
acidity after histamine and after a gruel meal when the two tests were 
done on the same group of patients 

3 The variations in the acidity after histamine could not be corre- 
lated, except m the achlorhydnas, with the diagnoses of the cases 

4 No significant variations in aadity or volume secretion after 
histamine were noted m correspondence with the age or the sex of the 
patients 

5 The volume of secretion after histamine was greatest on the aver- 
age in the group of duodenal ulcer and duodenitis cases, but it bore no 
direct relationship to the degree of acidity, except that it was lower in 
those cases with zero acidity 


CONCLUSIONS 

1 The histamine test, though valuable to determine the ability of 
the stomach to secrete acid, is not serviceable as a routine method of 
gastric analysis, because the variations m its results are great without 
obvious cause 

2 The gruel meal has an advantage as a routine test of gastric acidity 
m that its results may be more nearly correlated with the clinical 
diagnoses 

3 The explanation for the supenority of the gruel meal probably lies 
m the fact that it contains buffer substances which permit the stomach 
to adjust the acidity of its total contents to a more definite level, a level 
which IS correlated with existing conditions 

We wish to express our appreciation to Dr J Harold Austin for 
advice and criticism in this work 
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MINERAL EXCHANGES OF MAN 


III Mikeral Metabousm During TRi:ATirENT or a 
Case of Polycvtitcmia Vera ‘ 

By SAMUEL H BASSETT THOMAS KILLIP and \VM S McCANN 

(From the Department of Meitane of the Unmrnty of Rochester School of Uedtcme 
and Dentistry and the Medical Clinic of the Strong Memorial and 
Rochester Municipal Hospitals Rochester H Y ) 

(Re«i\’e<i for publication June 27, 1931) 

The hemolytic properties of phenylhydrazine and phenylhydrazme 
hydrochlonde were first demonstrated by Hoppe Seyler (16) in 1884 
Durmg the following thirty four years the drug or its derivatives were 
used to some extent in the production ol experimental anemia m am 
mats, but it was not until 1918 that it achieved a place in human thera 
peusis through publication of experiments by Eppinger and ICloss (11) 
who employed it to bnng about destruction of erythrocytes in polycy 
themia vera Within recent years a number of metabolic studies have 
been reported by investigators employing phenylhydrazine or its denv 
atives in the treatment of this disease These studies have dealt 
mainly with changes in the physical and chemical properties of the 
blood, with studies of renal and liver function and of mtrogen metabol 
ism, before, during and after treatment with hemolytic agents So far 
as we have been able to ascertain there have been no reports on the 
mineral exchanges during a penod of blood destruction resulting from 
the administration of phenylhydrazine denvatrves to patients with 
erythremia 

For the past three years we have had a patient with polycythemia 
vera under observation 

On two occasions he has been admitted to the hospital for study and 
on one of these admissions the exchanges of nitrogen, phosphorus, cal- 
aum, magnesium and iron were followed dunng blood destruction 

1 Expenses of this incestigation were defrayed by a grant from the Fluid 
Research Fund of the Rockefeller Foundation 
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JIIXERAL METABOLISM IN POLYCYTHEMIA VERA 

• _r pertinent facts relative to his hospital admissions are summarized 
rn tre follovnng case report 


C\SE REPORT 

' D ^0 17059 A garage mechanic, 55 years old, was admitted July 28, 
complaining of severe pains in the lower back The pain had been 
-rst acute for four days, lancinating m character, felt in both sides of the 
jmbar region radiating into the flanks Motion was greatly limited and 
he vas obliged to hold the back stiffly 

The past history and system review revealed that there had been a severe 
injury to the spine in an accident at the age of 11 He had had typhoid 
fc\ cr at the age of 6 years At 18 years he had a severe gonorrheal urethri- 
tis, and at 25 years a febrile polyarthntis presumed to be acute rheumatic 
fc\ er The patient’s wife stated that at vanous times dunng the si\ years 
from 1922 to 1928 he had shown an extremely high color, a beet-red or 
crimson appearance of face, hands and feet, particularly in cold weather 
In March, 1928, there was a marked eruption on the face with intense itching 
followed by scaliness which lasted for two months The family history was 
interesting in view of the fact that the patient’s father apparently suffered 
from a similar condition (19) 
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administration of 2 9 grams of the drug compared favorably wth those 
obtained dunng the previous penod of treatment with phenylhydrazine 
hydrochloride (see case report) The total blood volume decreased 
from 7,790 cc. to 5,560 cc., the cell volume decreased from 5 330 cc. to 
2,140 cc , a decrease of 3 190 cc of cells and the plasma volume m 
creased by 960 cc, or from 2 460 to 3,420 cc Coincident uith the 
changes in blood volume there was a decrease in hemoglobin from 141 
per cent to 91 per cent and a fall in the erythrocyte count from 6 4 
million to 3 8 million per cmm The reductions in total blood volume. 



Chart 1 Hemoglobin Erythrocytes Leucocytes and Icterus Index 

(1 I) 

Units m scale on left refer to icterus inde-x m units as well as to leucocytes 
in thousands 
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cell volume, hemoglobin and erythrocyte count are in accord with the 
studies of Brown and Gifhn (7) and of Huffman (17) 

Inspection of Chart 1 shows the rather pronounced delay in the onset 
of definite blood destruction following the administration of moderate 
daily doses of the drug Long (18) has considered this point and sug- 
gested giving small doses, 0 1 gram daily until a total of 1 gram has 
been taken, and then waiting three days to see whether the effect has 
become cumulative Giffin and Conner (13) have called attention to 
the fact that small daily doses of phenylhydrazine hydrochlonde total- 
ing not more than 3 5 grams are usually effective as an initial course of 
treatment Expenence with our patient is in accord with these opin- 
ions and also suggests that in certain individuals it may be desirable to 
wait as long as a week following a course of phenylhydrazine in order 
to ascertain whether the hemolytic agent will take effect 

Elevation of the serum bilirubin dunng the penod of active blood 
destruction has been said to occur quite consistently and jaundice is not 
uncommon (Harrop (14)) Determinations of the icterus index on 
patient F D showed it to be markedly increased with the onset of 
blood destruction Distinct jaundice was present at the time maximum 
values for icterus index were obtained and the unne was deeply pig- 
mented throughout the period of bilirubinerma 

Iron metabolism A consideration of the iron metabolism in con- 
nection with blood destruction in this disease is of interest The re- 
markable ability of the body to conserve its iron supply is well known 
Lichtwitz (quoted by Thannhauser (23)) has estimated that about 12 5 
grams of hemoglobin are broken down daily in the body and converted 
into bile pigment The amount of iron liberated by this destruction 
of hemoglobin corresponds to about 42 mgm of Fe, a quantity five or 
SIX times greater than the daily iron excretion of a man during starva- 
tion Furthermore, it has been shown that even a proportionately 
much greater destruction of hemoglobin in dogs caused by the adminis- 
tration of hemolytic agents results m no appreaable loss of body iron 
(Samuely (21) , Dubin and Pearce (10)) Reasoning from analogy one 
would be led to suppose that the treatment of human polycythemia 
with phenylhydrazine denvatives (which is essentially the same as the 
production of an experimental anemia m animals with hemolytic 
agents) would not result in any considerable increase m iron excretion 



SAMUEL H BASSETT, THOAIAS KILLIP AOTi S McCANS 777 

This in fact appears to be the case. Patient F D remained essen- 
tially in iron balance during the first 16 days of the experiment with 
normal amounts of iron excreted m unne and feces In the following 
9 days there ^vas a marked increase in the amount of iron excreted in 


TABLE u 

Inn meloMism 


Pwlod <Ut€ 

Iron In 

1 food 

Iron 

1 otcreted 

Iron 

1 tnl&nce 

^ Medication 

i 

Itesarks 

November 20 to 27 

I 

1 w/* 

1 mtm 

Unne 4 4 
Feces 111 8 




8 day* 

106J 





November 28 to 
December S II 

8 day* 

1 

Unne 11 9 
Fecea 84 8 

1 

1 

Acetylphcnyl 

hydrazine 


100 4 

Total 96 7 

+37; 

2 I grams i 


December 6 to 14 
III 


Unne 384 
Feces 54.^ 

1 

Acetylpbenyl 1 
hydrazine 

Reduction in 
circulating 
hemoglobin 
approximately 
900 grams 
equals 3 
grama Fc 

9 day* 

U8.3 

Total 92 6 

+25 7 

0,8 gram 1 

December 15 to 28 ^ 
IV 


Unne 25 3 
Feces 66 2 


— 1 

14 days ^ 

178 9 

Total 91.5 1 

+87 4 

None 1 

39 day* 

503 9 

397 0 ' 

+106 9 




the unne which is probably to be accounted for on the basis of hemo- 
globinuna occurring at the time of maximum blood destruction Coin- 
admg with the increased elimination of iron m the unne there was a 
decrease in the quantity of iron found m the feces which more than 
compensated for unnary loss Whether or not this diminished fecal 
excretion was more than a matter of chance is not known Hoicever, 
dunng the final penod of 14 days the same general relationship between 
unne and fecal iron excretion was noted, although the total unnary 
iron for this penod was less than for the preceding 9 days Dunng the 
final 23 days of the experiment which mcluded the entire penod of blood 
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cell volume, hemoglobin and erythrocyte count are m accord with the 
studies of Brown and Giffin (7) and of Huffman (17) 

Inspection of Chart 1 shows the rather pronounced delay in the onset 
of definite blood destruction following the administration of moderate 
daily doses of the drug Long (18) has considered this point and sug- 
gested giving small doses, 0 1 gram daily until a total of 1 gram has 
been taken, and then waiting three days to see whether the effect has 
become cumulative Giffin and Conner (13) have called attention to 
the fact that small daily doses of phenylhydrazine hydrochlonde total- 
ing not more than 3 5 grams are usually effective as an inibal course of 
treatment Experience with our patient is in accord with these opin- 
ions and also suggests that m certain individuals it may be desirable to 
wait as long as a week following a course of phenylhydrazine in order 
to ascertain whether the hemolytic agent will take effect 

Elevation of the serum bilirubin dunng the penod of active blood 
destruction has been said to occur qmte consistently and jaundice is not 

I 

uncommon (Harrop (14)) Determinations of the icterus index on 
patient F D showed it to be markedly increased with the onset of 
blood destruction Distinct jaundice was present at the time maximum 
values for icterus index were obtained and the unne was deeply pig- 
mented throughout the period of bihrubmemia 

Iroii metabolism A consideration of the iron metabolism m con- 
nection with blood destruction m this disease is of mterest The re- 
markable ability of the body to conserve its iron supply is well known 
Lichtwitz (quoted by Thannhauser (23)) has estimated that about 12 5 
grams of hemoglobin are broken down daily in the body and converted 
into bile pigment The amount of iron liberated by this destruction 
of hemoglobm corresponds to about 42 mgm of Fe, a quantity five or 
SIX times greater than the daily iron excretion of a man dunng starva- 
tion Furthermore, it has been shown that even a proportionately 
much greater destruction of hemoglobm m dogs caused by the adminis- 
tration of hemolytic agents results m no appreciable loss of body iron 
(Samuely (21) , Dubin and Pearce (10)) Reasoning from analogy one 
would be led to suppose that the treatment of human polycythemia 
■with phenylhydrazine denvatives (which is essentially the same as the 
production of an expenmental anemia in animals with hemolytic 
agents) would not result in any considerable increase in iron excretion 
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nved from red cell disintegration If this is true and the reduction in 
quantity of erjThrocytes as estimated by blood volume determinations 
IS approximately correct, then a negative nitrogen balance of about 
198 grams resulting from red cell destruction might have been expected 


KGS. 



Chari 2 Nitrogen Balance 

Eqmlibnum nas practically establiahed dunng the second penod Com- 
parison mth Chart 1 shoiys that the marked negatir e nitrogen balance 
coincides with the rapid decrease in hemoglobin and erythrocyte* and v,ith 
the maximum \alues for icterus index 
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destruction, there was a positive iron balance of 113 mgm From data 
furnished by hemoglobin and blood volume determinations it has been 
estimated that during these 23 days the circulating hemoglobin was de- 
creased by approMmately 900 grams (see Table I) and that 3 grams of 
iron must theoretically have been available for excretion or deposition 
m organs and tissues The destruction of hemoglobin leading to this 
enormous increase in endogenous iron metabolism would actually seem 
to have provided a stimulus which caused retention of food iron as 
evidenced by the positive iron balance The objection might now well 
be raised that since the iron balance was not followed during the subse- 
quent penod of blood regeneration one does not know that iron excre- 
tion was not delayed and that excretion of the iron liberated from hemo- 
globin did not eventually occur Such a delayed iron excretion is not 
in accord with experimental evidence Dubm and Pearce (10) followed 
the iron eliminated in the urine and feces of dogs kept on a constant 
diet, and noted no increase m the total iron excreted when anemia was 
produced by the administration of toluylendiamine nor m the subse- 
quent periods when the dogs were recovering from anemia Moreover 
there is some evidence (2) to show that dogs kept anemic by daily ad- 
ministration of phenylhydrazme hydrochlonde for a penod of 5 months 
have increased deposits of iron in the liver and spleen when killed sub- 
sequent to recovery from the anemia These facts are in accord with 
our iron balance data in the human subject 

Nitrogen and phosphorus metabohsm 
Huffman (17) has shown that patients with erythremia on a fixed 
diet showed negative nitrogen balances dunng the penod of erythro- 
cyte disintegration brought about by the administration of phenyl- 
hydrazine The nitrogen balance m patient F D (Chart 2) was nega- 
tive throughout the period of observation although his activity was 
minimal and he was receiving a protein intake of about 61 grams per 
diem with a daily calonc value for his diet of about 2400 calones 
(Basal requirement 1755 calones ) The daily nitrogen excretion indi- 
cates that maximum nitrogen loss occurred during the periods when 
maximum values for icterus index were obtained or when blood de- 
struction was most marked (Charts 1 and 2) It seems reasonable to 
assume that a large portion of the negative nitrogen balance was de- 
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The observed negative nitrogen balance (see Table III — Penods III 
and rV) was, however, only about 134 grams It would seem then that 
some nitrogen containing fraction or fractions of the disintegrated 
erythrocytes, were retained perhaps to be reutilized in the formation 
of new hemoglobin 

Examination of the data pertaining to phosphorus metabolism 
(Table III) shows that dunng the first 16 days of the experiment the 
patient remained practically in phosphorus balance although there was 
a loss of both nitrogen and calcium A distinctly negative phosphorus 
balance was noted only in Period III Since destruction of blood oc- 
curred not only m this period but also during a considerable part of the 
subsequent one, a more complete picture of phosphorus metabolism at 
this time IS obtained by considering the final 23 days of observation as 
a single penod With a loss of 134 grams of nitrogen there was reten- 
tion of 1 31 gram of phosphorus The small amount of calaum (1 68 
gram) retained simultaneously could have accounted for a retention 
of 0 87 gram of phosphorus deposited as tertiary calcium phosphate m 
bone The positive phosphorus balance at first appears surpnsmg in 
view of the relationship between “theoretical” and actual phosphorus 
balances shown by Aub and his collaborators (3) (1) The assumption 
has already been made that most, if not all, of the negative nitrogen 
balance resulted from red blood cell disintegration , this being the case, 
the ratio of nitrogen to phosphorus in the excreta would be about 
80 1 instead of 17 1 as might have been expected had the nitrogen 

excretion been dependent upon the catabolism of other body tissue 
(exclusive of bone) Such a ratio must necessarily matenally de- 
crease the excretion of phosphorus associated with nitrogen The ex- 
pected negative phosphorus balance therefore becomes so small as to be 
within the limit of error of the method used m calculating the balances 
Fmally, as m the case of nitrogen, it is possible that some of the phos- 
phorus-containing fractions of the erythrocytes escaped excretion and 
remained to take part in the regenerative process dunng the subsequent 
penod of recovery from acetylphenylhydrazme intoxication Aside 
from speculation of this sort, it is evident that phosphorus was not lost 
from the body in appreaable amounts dunng the penod of erythrocyte 
disintegration 



Iftlrogen phosphorus calcium and magnesium meiaboltsiH 



Totals for the four periods given at foot of each column 
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Calcmm and magnestum metabohsm 

Calmm The average daily calcium intake for F D amounted to 
about 0 57 gram Daily vanation from this average figure was small, 
so that although the individual balance periods were of different 
lengths, the calcium intake per period calculated on a per diem basis 
was almost identical Sherman (22) has shown that the minimum of 
actual need for a man of 70 kgm is about 0 45 gram Ca per diem 
For a man of approximately 80 kgm (the weight of F D ) this would 
be about 0 51 gram Ca a day, a quantity which very closely approaches 
the actual amount fed From this fact alone it might be expected that 
F D would show both positive and negative balances, which would 
tend to equalize each other if observations were continued for a suffi- 
cient length of time, assuming of course that the effect of such other 
factors as disease, medication, acid-base values of diet, activity, vita- 
mins, etc , supposed to influence calcium metabohsm could be excluded 
It will be noted (Table III) that negative calcium balances were ob- 
tained during the first three periods and that these negative balances 
became progressively less until in the final period calcium was retained 
The net result was a loss of 2 28 grams of calcium in 39 days Nothing 
abnormal was noted in the partition of excreted calcium between urine 
and stool The daily urinary calcium excretion was greatest (132 
mgm ) in Penod III which marks the onset of blood destruction, and 
least (73 mgm ) in Period IV at the time calcium was being retained 
Such vanations are probably within normal limits and of no particular 
Significance 

Two determinations of serum calcium made prior to the onset of 
blood destruction gave values of 11 5 and 119 mgm per 100 cc which 
are within normal limits for the method used and are in agreement 
with the findings of Benedict and Turner (5) 

Magnes^um balances paralleled the calcium balances quite closely 
and it would appear that whatever factors were operative in causing a 
loss of calcium during the first three periods may also have resulted in 
a loss of magnesium The minimal magnesium requirement sufficient 
to maintain a man of average size m balance does not appear to be 
known It is readily conceivable however that it is subject to con- 
siderable individual variations, as is the case with other minerals, and 
may be influenced by many factors, not least of which may be the ab- 
solute level of intake in the diet 
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The average daily magnesium mtake as found by Sherman (22) in a 
study of 150 American dietaries was 0 34 gram per man per day and 
per 3000 calones Studies made by Carl Tigerstedt (24) m Finland 
indicate a much higher daily magnesium intake by men m that country 
(0 863 gram per day and per 2500 to 3500 calories) The subject of 
this investigation received a daily average of 0 243 gram of magnesium 
m hiB diet Magnesium losses during the first two penods were almost 
identical 0 542 and 0 543 gram respectively During the third period 
the loss amounted to 0 919 gram and m the final period 0 437 gram of 
magnesium was retained The loss of magnesium dunng the entire 
penod of observation aas considerably greater in proportion to intake 
than that for calaum, amounting to 16 5 per cent of the total intake, 
while that for calcium amounted to 10 2 per cent of the total intake 

Considering the length of time the patient was under observation 
(39 days) and in view of the fact that retention of calcium and mag- 
nesium occurred during the final penod it is probable that the net 
losses of 2 28 grams of calaum and 1 56 gram of magnesium dunng the 
four penods, were not assoaated wnth any marked disturbance of the 
factors governing the metabolism of these two elements 

It IS rather interesting to note that positive balances for all the ele 
raents studied (except nitrogen) were obtained only in the final period 
We are inclined to regard this phenomenon as an expression of anabohc 
activity on the part of the body tissues since the effect of acetylphenyl 
hydrazine had apparentiy ceased prior to the end of this penod It is 
realized however that one must exercise extreme caution in drawing 
any conclusions from such hmited expenence 

SUJrMAfcl 

1 The administration of 2 9 grams of acetylphenylhydrazine in 
doses of 0 2 to 0 3 gram per day to a patient wth polycythemia vera 
resulted in marked reduction of total blood volume cell volume, hemo- 
globin and erythrocyte count An increase in the leucocyte count, 
icterus index and plasma volume occurred during blood destruction 

2 The large increase in endogenous iron metabolism accompanying 
erythrocyte disintegration did not result in loss of body iron Hemo- 
globmuna is believed to have accounted for increased iron excretion in 
the urine dunng blood destruction 

51 
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3 Marked loss of nitrogen took place during the periods of blood de- 
struction but the loss did not seem of sufficient magnitude to account 
for all the nitrogen contained in the destroyed erythrocytes 

4 Significant changes m the metabolism of phosphorus, calcium and 
magnesium Avere not demonstrated 
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INSULIN ABSORPTION BY THE CONJUNCTIVAL 
MEMBRANES IN RABBITS 

a D CHRISTIE AND R. F HANZAL 

(From tht Departmenl of Mtdiane and the ImMule of Pathology 
WoTlmt Raem DnioersUy ClatlanS) 

(Received for publication July 7 1931) 

The disadvantages of repeated subcutaneous insulin injectionB in the 
treatment of diabetes mellitus are well known Numerous attempts 
have been made to find a more satisfactory route which have largely 
centered around absorption from mucous surfaces Generally the re 
suits have been uncertain, unecononucal and at times impracbcable, 
in spite of alterations m insuhn and its use m combinations with other 
substances There are many excellent reviews m the hterature cover- 
ing this subject, and one espeaally complete by Stammers (1) 

There is no reference m the hterature concerning absorpbon of insuhn 
from the conjuncbval membranes Success by this route would obvi- 
ate certain of the major objecbons to the hyjxidermic method The 
animal experiments herewith reported have been earned out to deter- 
mine the pracbcability as to rate, durabon and constancy of absorpbon 
of msulm usage by the insbllabon of it in the conjuncbval sac. Such 
insbllabon cannot be made m animals without waste, which should 
not occur m man, so it is therefore impossible to give accurate quanbta- 
bve expression to the relabve effeebveness of insulin by this route as 
compared to the subcutaneous mjeebons It is felt that more accurate 
data as to the economic possibilibes of this method can best be deter 
mmed by actual studies on human diabebcs We are now engaged in 
such studies For our work m the clinic we have started with dry m- 
sulm, dissolvmg it in a menstrum which both lessens the high pH of 
commercial insuhn and frees it from phenol, which we believe makes it 
absolutely safe for conjuncbval insbllabon In addibon we have de- 
veloped a dropping device which elimmates the danger of trauma to the 
eye and measures the dose with fair accuracy 

787 



788 


TNSXILIN ABSORPTION BY CONJUNCTIVA 


lilETHOD OF STUDY 

Rabbits which weighed as near two kilograms as possible were se- 
lected for this work Blood was obtained from the ear veins and sugar 
determinations made by the micro method of Fohn The rabbits were 
fasted from 12 to 24 hours, and the fasting sugar level determined just 
before each insulin instillation Groups of animals were given dosages 
of 2, 3, 4, 5, 6, 7 and 8 drops of insulin respectively, each drop contain- 
ing approximately 5 units The subsequent blood sugar determina- 
tions were made at intervals as nearly as possible each hour after the 
instillations until the fasting level had been essentially regained 


TABLE 1 

Vartaiions in blood sugar of untreated animals 



Bod> 

Time 

1 

Initial 

Blood sugar (mgm per 100 cc ) 


TN'CIgbt 

of fast 

Time after initial (number of minutes m parentheses) 

3 

kgm 

240 

hours 

14 

115 

126(60), 102(120), 101(180), 103(240) 

14 

3 91 

0 

122 

117(60), 120(120), 111(180), 124(240) 

15 

2 85 

0 

134 

124(60), 129(120), 118(180), 126(240) 

16 

2 95 

0 

114 

120(60), 116(120), 114(180), 107(240) 

17 

3 30 

0 

110 

92(60), 114(120), 109(180), 115(240) 

22 

3 90 

24 

109 

106(60), 108(150), 112(300), 110(420), 111(450) 

23 

3 35 

24 

97 

103(60), 100(120) 100(240), 104(360), 105(400) 

24 

2 24 

1 

24 

114 

107(60), 116(120), 110(240). 110(360), 113(420) 


DISCUSSION 

From Chart 1 it will be seen that the results of conjunctival adminis- 
tration of insulin causes a fairly uniform and consistent drop in the 
sugar level in rabbits’ blood over a period of about 4 to 5 hours It 
must be borne in mind that there was a vanable loss of insulin by failure 
to get the full dose in the rabbit’s eye at every administration Occa- 
sionally an animal did not get the expected drop in blood sugar level, 
which may have been due to the loss of too much of the insulin, or that 
a given rabbit would not respond for other reasons It has been noted 
repeatedly by other investigators with subcutaneous administration of 
insulin that occasionally certain animals would not show the expected 
drop Vanous explanations have been offered for this fact, and it is 
possible that some of these latter factors have played a part in the in- 
effectiveness of insulin in the eye at times 









Effect of adntiniitenng tiuwlin ttt the eye 
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* In all this work a drop is roughly equivalent to 5 units of commercial insulin— 340 units to 1 cc Prepared and 
furnished us by the Eli Lilly Co , Indianapolis 
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and subcutaneous injections 
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There can be no doubt, however, that the response was not alwaj'S 
uniform A few animals showed as much drop on a relatively small 
dose as others showed on a larger one Occasionally a few of our ani- 
mals showed symptoms of insulin shock 
The preparation of insulin which we used m these experiments was 
supplied to us by the Eh Lilly Co , Indianapolis It contained 340 



Time m 60 \ZQ 160 2A0 

minutes ^drops - lOanimals l.drop=5umt3 

4drop5 - Ihammals 

Gdrcfps - Sanimals 

- 5 drops ' 4-amTnals 

8drop3 - Sanimals 

Chart 1 Effect of Conjunctival Administration of Insulin on 

Blood Sugar of Rabbits 

units to the cc It had a pH of about 2 5, and contained 2 per cent of 
phenol We noted at times a ivhite scum form over the rabbit’s eye 
immediately after the insulin was instilled This we believe was due 
to the buffer substances in the lachrj'^mal secretion neutralizing the in- 
stilled insulin Insulin is insoluble in a neutral medium 

We have not sufficient data to venture a guess as to the effectiveness 
of insulin by eye m the rabbit as compared to subcutaneous injections 
It IS our impression, however, that it requires about 60 per cent more 
We have seen no evidence to indicate that even commercial insulin 
IS irritating to the eyes of rabbits 
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CONCLUSIONS 

Insuhn instilled into the conjunctiva is absorbed with great rapidity 
and gives rise to a fairly constant and consistent fall of blood sugar 
levels in rabbits 

The drop in blood sugar level persists for from 4 to 5 hours as against 
from 5 to 6 hours by the subcutaneous route. 

Apparently it requires about 60 per cent more insulin by this method 
of administration than the subcutaneous route, although our expen- 
men ts are not conclusi\e on this jjamt 

We have seen nothing to make us believe that commeraal insulin is 
imtating to the eyes of animals 
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ELECTROCARDIOGRAPHIC STUDIES DURING ATTACICS 
OF ANGINA PECTORIS AND OF OTHER 
PAROXYSMAL PAIN 

By MORTIMER L SIEGEL and HAROLD FEIL 
(From Die UTeiKal Smtce and Ihe Cardiac Cliruc of ill Staai Hotptial Clmland) 

(Received for publication July 13 1931) 

The mechanism of the pam m angina pectons has been the subject 
of speculabon and mvestigation since the onginal report of this clinical 
condition by Heberden (9) Among the many theones there are two 
which today receive most support (1) Coronary ongin— (o) myo- 
cardial ischemia due either to sclerosis of the coronary artenes and 
consequent loss of elasUaty or to coronary artery spasm , (b) distension 
of the sclerosed coronary artenes with stimulation of the penartenal 
sympathetic nerve fibers and (2) Aortic ongvn — due to distension of the 
diseased supra sigmoid portion of the aorta with tension on the nerve 
endings in the adventitia (Wenckebach, Allbutt) Recent electro- 
cardiographic observations made dunng transient attacks of angina 
have revealed mversion of the T wave or S-T segment of the curve, 
usually m leads I and II There is immediate return of the curve to 
normal after subsidence of the pam These electrocardiographic 
studies have been reported by several observers Clerc (3), Amlaga (1) 
Bousfield (2), Fed and Siegel (4), Levy (5) Parkinson and Bedford (6) 
and Wood and Wolferth (7) The chnical observationB have been 
substantiated by the expenmental work of Wood and Wolferth (7) 
who produced “ temporary and rapidly reversible electrocardiographic 
changes analogous to those seen m angina pectons tracings ' These 
changes nere greater mversion of previously negative T waves in 
some expenments and the production of a high take-off in the S-T 
complex m others These mvestigatore obtained abnormalities m the 
T nave more readily in abnormal hearts Clampmg of the circumflex 
and postenor descending coronary artenes caused greater changes than 
obstruction of the ramus descendens or branches of the nght coronary 
artery Feil, Katz, Moore, and Scott (8) m a recent expenmental 
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Study obtained similar curves from ligature of the ramus descendens of 
the left coronary artery These changes were most pronounced after 
further ischemia of the heart muscle was produced by obstruction of 
the inferior vena cava These clinical and expenmental data are 
strong evidence that myocardial ischemia is responsible for the changes 
in the T wave and S-T segment of the curves Likewise, they indicate 
that the pain is probably due to or associated with myocardial ischemia 

In this report are given the electrocardiographic findings in eleven 
additional cases with transient anginal attacks Clinically, these cases 
may be divided into four groups (1) Patients with coronary sclerosis 
and who were not known to have had coronary artery thrombosis, (2) 
Patients who had in addition, an attack of coronary thrombosis previ- 
ously, (3) Patients whose angina was assoaated with aortic regurgita- 
tion, and (4) Patients who had angina and who subsequently developed 
coronary artery occlusion 

The results of these observations during anginal attacks are sum- 
manzed in Table I 

TABLE I 



t C S — Coronary sclerosis R C T — Recent coronary thrombosis 0 

C T — Old coronary' thrombosis A 1 — Aortic insufficiency, rheumatic 


CASE REPORTS 

Case 1 L F , female, aged 56 Diagnosis Coronary sclerosis with 
gradual oblIteratl^ e arteritis and myocardial fibrosis She had attacks of 
substernal pain with radiation to the left shoulder and down the left arm 
These attacks had been recurring for tivo y'ears, usually after emotional up- 
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set and were not preapitated by exerase. The blood pressure teas uaualh 
150/90 but dunng the attach rose to 170/100 The heart rate usually 80 
rose to 120 and the cardiac mechanism remained normal Physical exaraina 
tion retealed a heart normal in site and heart sounds that were feeble 
The first heart sound at the apex was espeaally faint and gallop rhythm was 
present much of the time Dunng the latter part of the patient s illness 
there were attachs of pulmonart edema and tlie terminal illness was dom 
mated by congestne failure Postmortem examination reiealed advanced 
artenosclerosis of both coronary arteries with almost complete obliteration 
of the lumen of the ramus descendens There was adv anced sclerosis of the 
muscle of the antenor and lateral part of the left ventncle An clectrocar 
diogram taken on November 13 1928 (Fig 1 a) dunng an attack revealed 
normal mechanism, rate 136 the S~T segment in lead 1 rose after the com 
pletion of R and T vvas elevated 2 mm The S-T segment in lead 11 was 
somewhat depressed and T vims upnght Lead HI shows depression of the 
S-T portion of the curv e An electrocardiogram taken alter the attack sub 
sided (Fig 1 b) showed T 1 to be almost isoelectnc S-T 2 was slightly 
depressed T 2 and T 3 nere both upnght The rate vvas 100 



Fig 1 a Fig 1 b 

Cases C H , male aged 62 Diagnosis Coronary sclerosis with angina 
pectons recent coronary thrombosis For several months he had attacks 
of substernal pain on effort, relieved by mtntes A severe attack of sub- 
sternal pain occurred three weeks before the electrocardiographic study was 
made This attack was probably due to coronary thrombosis The patient 
had had elevabon of the systolic and diastolic blood pressure for approwm 






Fig 2, b Fig 
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atelv eighteen veara (180/110) An electrocardiogram (Fig 2, a) tahcn on 
December 29, 1929 reiealed inversion of T I depression of S-T 2 and T 2 
was upright T 3 was upright Immediately after this record was taken the 
patient complained of severe pain (Fig 2 b) which showed a greater depres- 
sion of S-T 2 There was less depression of the S-T segment in lead III 
The patient inhaled amyl nitrite and was relieved of pain Figure 2 c, 
shows a striking change T I is more deeply depressed 5-T 2 is isoelectric 
S-T 3 13 slightly elev ated and T 3 is larger 



Fig 3 a Fig 3 b 

Cases J W male aged 61 Diagnosis Coronary sclerosis with angina 
pectoris old coronary thrombosis. Chief complaint substernal pain on 
effort mth radiaOon to neck left shoulder and arm Symptoms dated from 
a sudden and severe attack of substernal pain August 1927 (1 year before 
observation) Generalized artenosderosis Blood pressure 150/100 
Moderate enlargement of left ventncle An electrocardiogram taken on 
May 31 1928 dunng an attack of angina (Fig 3 a) revealed a depression of 
the S-T segment in leads I and II A very deep Q is seen in lead III and 
S-T 3 has a high take^iff and is curv ed wnth its com evity upwards A record 
taken a few minutes later after subsidence of the pain (Fig 3 b) shows less 
depression of S-T in leads I and II 
52 
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Case H M , male, aged 48 Diagnosis Coronary sclerosis, angina 
pectoris, recent coronarj'- thrombosis Coronary thrombosis July 1929 
Attacks of typical angina with effort and emotion Moderate cardiac en- 
largement Blood pressure 160/120 An electrocardiogram was taken one 
month after occlusion during an attack of angina Figure 4, a, shows con- 
siderable depression of the S-T segment in lead I , slight inversion of T 2 
and a moderately high take-off of S-T 3 with inversion of T 3 Immediately 
after subsidence of the pain the electrocardiogram (Fig 4, b) shows less in- 
version of S-T 1, greater inversion of T 2 and an altered QRS complev in 
lead III 



Fig 4, a Fig 4, b 

Case 5 M F , male, aged 58 Diagnosis Coronary sclerosis, angina 
pectoris, old coronarj'- thrombosis Had attack of coronary thrombosis 
Apnl 28, 1927 Moderate cardiac enlargement to the left Blood pressure 
200/110 Moderate generalized artenosclerosis An electrocardiogram 
taken on August 30, 1930 (Fig 5, a) during a severe anginal attack revealed a 
deeplj' depressed S-T segment in leads I and II and in lead III T is iso- 
electnc A record taken after relief by inhalation of amyl nitrite shows very 

slieht depression of S-T in leads I and II and in lead HIT becomes depressed 
Case 6 MB, female, aged 53 Diagnosis Coronary sclerosis, angina 
pectoris Typical angina of effort in substernal region wnth radiation to the 
left shoulder and arm Duration si\ years Heart not enlarged Blood 
pressure 180/100 An electrocardiogram was taken on October 16, 1930 



Fig - a fiG. 5 b 

Wt snx Tiere been no signs of congesti\e failure. Tte blood 

^^ii'ennann sres r'’gatiic. An electrocardiogram taben du-iag an attact 
(fi? I a) *hows ht iniersion of the S-T segment m lead I and a deep 
'I'FrtiHon ibis p "tion of the curve in leads II and HI the S— T portion 
trcan; off befotr tt- i^oelectnc le\ el A record tal en after the inhalatioa 
tftarl nitnte f-i J relief from symptoms) shoirs a de-per invemoa of T 1 
deep ime- ion of T 2 and 3 In addition the S-T po-noa of the 
started at a ' gher letel in lead II and near the i£o.electnc level m 
lad III 
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Case 8 AC, female, aged 49 Diagnosis Coronar\ sclerosis with an- 
gina pectons Pam in lower "uphold region for tw'o wears wath radiation to 
left shoulder and arm, related to effort and emotion Blood pressure 142/82 
Wassermann negative An electrocardiogram taken as a control (Fig 8, b) 
shows left axis deviation and T 1 and 2 are upright T 3 is iso electric 
1 cc of 1—1000 solution of adrenalin hydrochloride was injected subcutane- 
ously This w^as followed by a typical attack of pain and a record taken 18 
minutes after the injection (Fig 8, a) shows a depression of the S-T segment 
in leads I and II wnth a low' “take off ” In lead III the S-T segment is 
curwed with the con\exity directed upw'ards and T is inverted 



Fig 6, a Fig 6, b 

Three patients wnth coronary sclerosis and angina of effort showed no sig- 
nificant electrocardiographic changes 

Case 9 F R , female, aged 60, wnth typical substernal pain on effort 
Coronary thrombosis one j'ear preMousIy Blood pressure 156/84 Was- 
sermann negati\e Electrocardiograms dunng pain showed no change in 
the T w a\ e 

Case 10 j\I K , male, aged 58 Attacks of substernal pain of three 
y'ears’ duration caused by exertion Blood pressure 164/90 Patient later 
de^ eloped coronaiw' thrombosis and died Electrocardiograms during at- 
tacks of angina showed no change 

Case 11 M K , male, aged 43 Diagnosis Coronary sclerosis with 
angina of effort Sense of substernal oppression related to exertion and emo- 
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Don Radiation of pain to both arms DuraUon one year Blood Wasser 
mann negati\ e Electrocardiogram taken after subcutaneous injection of 
1 cc of adrenalin htdrochlonde 1-1000 solution shotted tcrv slight changes 
in the T ttate The patient suffered pectoral constnction 



Fig 7 a Fic 7, b 

Electrocardiographic observations wade during paroxysmal pain 
not due to angina pectoris 

1 Labor pains Electrocardiograms were taken dunng active labor 
in five patients In each case traangs of the standard leads were re 
corded dunng an interval when the uterus was relaxed This was re 
peated while the patients were hav mg severe utenne contractions which 
were visible and palpable Records were again taken after the utenne 
contractions had subsided In two cases records were obtained which 
show ed some deviation from the normal w hich w as present dunng both 
active contraction and dunng relaxabon In these two cases records 
w ere obtained a few days postpartum for companson 
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In none of the five cases was any inversion of the T wa\-e or depres- 
sion of the S-T segment of the curA^e observed during utenne contrac- 
tion In one case the T wave in lead III was depressed both during 
utenne contraction and relaxation A record taken six days post- 
partum showed less ini^ersion of T 3 

2 Renal and biliary colic One patient had severe bihati^ colic and 
was found at operation to have pericholecystitis with numerous adhe- 
sions Records taken dunng biliary colic showed no deviation from 
the record taken after relief from pain 



Fig 8, a Fig 8, b 

Two cases of renal colic were investigated One who had severe 
colic for several days had marked sinus arrhj^mia which disappeared 
with relief from pain However, neither of these two cases presented 
any alteration of the S-T segment or T wave dunng pain 


DISCUSSION 

The changes in the T wave and S-T segment which occur frequently 
(in more than 50 per cent of cases) dunng attacks of angina pectoris 
are indicative of myocardial changes which are not related to exercise 
(Wolferth, personal observations) or to reflex effects from pain as such 
(labor pain, gallbladder and renal colic) In one patient, vith a 
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gastric ulcer and paroxysmal epigastnc pain slight depression of the 
T wave occurred w'hich vaned m successive beats and was perhaps re- 
lated to changes in the axis of the heart In eight cases electrocardio- 
graphic changes were associated with characteristic pain (due to effort 
or emotion) and subsided with rest and inhalation of amyl nitnte 
hlyocardial changes mav then be said to be associated with transient 
angmal attacks and this may be due to spasm of the coronary arteries 
or to transient variations in the coronary flow (reversal of coronary 
flow) The inversion of T or the S-T segment in the electrocardio 
gram dunng bnef paroxysms of pain of angina pectons gives additional 
evidence of the nature of the anginal attack and may be helpful 
diagnostically 

CONCLUSIONS 

Electrocardiographic observaOons are reported in eleven additional 
cases made during transient attacks of angina pectons In eight of 
these patients, there was inversion of the T wave and (or) inversion of 
the S-T segment of the curve In some instances a negative T became 
more deeply depressed These changes disappeared after subsidence 
of the pain This evidence supports the conception that transient 
angmal attacks are due to myocardial ischemia, presumably due to 
alteration in coronary artery flow Electrocardiograms taken dunng 
other types of paroxysmal pain (labor pains, renal and gallstone colic) 
did not show any changes m the T w ave or S-T portion of the curves 
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SlUDIES IN CONGESTIVE HEART FAILURE 

XIII The Relation of D\sp'iea of Exertion to the Ox\gi:n 
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B\ GLENN E. CULLEN T R. HARRISON J A CALHOUN 
W E \Vn KINS AND M M TIMS 

{From the Departments of Biochemistry and Medicine Vanderbilt Vnioersity 
Medical School Idaslntlle) 

(Received for publication June 18 1P31) 

In a preMous study (Hamson Turley, Jones and Calhoun (1931)) 

It has been shown that the degree of dyspnea produced by muscular 

effort IS directly proportional to the \entilatjon and inversely proper 

tional to the vital capaaty For a constant amount of exertion this 

Venblation , . , , , , 

ratio — TTt was higher for patients with cardiac disease than 

Vital Capacity “ 

for normal subjects These results involve ti\ o problems 

(1) VTiy does the mdmdual with cardiac disease usually ventilate 
more than the normal does for the same exertion? 

(2) How does decreased vital capacity tend to produce dyspnea? 
The most generally accepted theory of respiratory control is that the 

increase in ventilation must be due to either an increased hydrogen ion 
concentrabon or increased CO tension of the blood or respiratory 
center or of both This in turn is supposed to be caused by insufficient 
aerabon of the tissues or respiratory center because of decrease in 
cardiac output In support of this are the conclusions of Sir James 
MacKenne (1925) Means (1924) and Meakins and Davies (1925), that 
cardiac dyspnea is due to decreased blood floii through the brain 
If these news are correct it should be possible to find changes m 
oxygen saturabon and and base condibon m the blood, especially in 
the blood flow mg through the brain The present paper presents the 
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results of a study of these variables made with modem methods upon 
a senes of patients with cardiac dyspnea 

EXPERIMENTAL 

Plav The study included analysis of blood for O; capacit>' and 
content, of blood serum for pH and total CO 2 content, the determina- 
tion of the ventilation of the subject, before, dunng and after a fixed 
amount of exertion , and the determination of the vital capacity The 
source of blood varied as the work progressed The first senes was 
done on venous blood from the arm, the second series on artenal blood 
from the brachial arterj^ and the third senes on venous blood from the 
internal jugular vein The details of blood sampling and the results 
for each series are grouped in accordance with the source, 1 e , arm vein, 
brachial artery and internal jugular vein 

Subjects The subjects studied included seven normal males be- 
tween the ages of twenty-five and forty, and twelve patients with 
cardiac disease of vanous tj^pes (usually hypertensive or syphilitic) 
in vanous stages Some of the patients had only slight symptoms, 
others had had repeated breaks m compensation The patients were 
classified according to the degree of cardiac disease, “-f '' refers to those 
individuals whose only symptom was dyspnea on exertion, “ -|-4- ” and 
designate respectively subjects with slight and moderate 
degrees of congestive failure 

Blood Analyses Approximately twenty to twenty -five cubic centi- 
meters of blood were taken (the syringe containing mineral oil) for each 
sample Part of this — six to eight cubic centimeters — was expelled 
into a small bottle containing sodium oxalate and mineral oil This 
v as used for determination of oxygen content and capacity by the Van 
Slyke-Neill technique (1924) The remainder of the blood was placed 
in a centrifuge tube under oil, the oil was replaced by melted paraffin, 
and the tube centnfuged After centrifuging 20 to 30 minutes, mineral 
oil was run over the paraffin plug, the plug removed and the serum re- 
moved with a pipette containing oil to a Pyrex tube containing oil 
The hydrogen ion concentration of the serum was determined by Cul- 
len’s method (1922) using the refinements reported by Earle and Cullen 
(1929) All readings were made at 20° C m a constant temperature 
room with constant (“ Daylight”) source of light and were corrected to 
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38° by subtracting 0 23 pH All readings were made independently by 
tno observers In addition to the values read against the phosphate 
color standards the individual tubes of each senes were compared 
agamst each other so that with these checks a difference of 0 02 pH 
may certainly be considered as true difference The carbon dioxide 
content of the serum was detemuned by the manometnc extraction ap 
paratus of Van Slyke and Neill (1924) 

Carbon dioxide tensions were calculated from the Hasselbalch for- 
mula (1912), using Van Slyke and Sendroy’s (1927) absorption coeffi 
cients and a pK' value of 6 10 

Ventilation These findings were obtained with a Tissot spirometer 
which was connected to a fairly comfortable face mask with the regular" 
arrangement of valves The vital capacity was measured on a Bene- 
dict-Roth spirometer 

A The findings in the venous blood obtained from the arm 
{Tables 1 and 2 ) 

Procedure The observations were made m the resting post absorp 
tive state The subject came to the laboratory without breakfast and 
rested in a comfortable chair for ten or more minutes A face mask 
was applied and the expired air was collected for a Jive minute period 
Venipuncture at the elbow was then performed, after injection of nova 
came into the subcutaneous tissue, with a needle which had a well 
fitting stilette (For this purpose a sixteen gauge lumbar puncture 
needle w as cut off to a length of about 4 cm and re sharpened ) Stasis 
was usually necessary for the puncture After the needle tvas well in 
the vem the tourniquet was removed, the sblette inserted and the 
needle fixed m place with small strips of adhesive plaster Several 
minutes later blood was drawn into a syrmge containing mineral oil, 
no stasis whatever bemg used The subject then stood up and walked 
up and across and down from a platform two steps high and 64 cm 
broad at a rate of one “round trip m twenty seconds for two minutes 
[More complete details of the exercise are given in the previous paper 
by Hamson Turley, Jones and Calhoun (1931) The exercise referred 
to in the present paper as “mild is the exercise 1 of their paper, 
whereas ' moderate exercise is the exerase III of their paper J He 
then sat down and a second blood sample was taken immediatelv 
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A record was kept of the time at which the blood first appeared in the 
synnge and of that at which the sample was completed It was usually 
possible to obtain the necessary twenty cubic centimeters of blood with- 
in the first minute after the end of the exercise The ventilation was 
measured for each minute of the exercise and for each of the succeeding 
five minutes The value in the table for “ventilation after exercise” 
refers to the ventilation dunng the minute in which the blood was ob- 
tained, while the value for resting ventilation is the average of the five 
minute fore-period 

In all subjects the first exercise performed was slight, almost equiva- 
lent to walking at a slow pace Severer exercise was usually not done 
by the patients, but several of the normals repeated the performance at 
a faster rate (one “round-trip” over the platform and back in seven 
and one half seconds) this being equivalent to rapid walking Imme- 
diately after this exercise a third blood sample was taken 

In this technique of obtaining venous blood three points are empha- 
sized 

(a) There was absolutely no stasis present dunng the sampling 

(b) No pain was experienced when the sample was drawn For this 
reason psychic factors due to pain can be excluded In this entire 
study whenever the subject was disturbed by pain incidental to blood 
sampling, or when there was any evidence of apprehension or other 
psychic disturbance the experiment was abandoned 

(c) The arm did not partake of the exercise 

Results 

Venklakoii That the exercise employed in this series is sufficient to 
markedly increase the ventilation is evident from the tables The 
normals increased their ventilation from 18 to 104 per cent while the 
patients increased their ventilation from 32 to 121 per cent This in- 
crease in both groups is sufficiently great so that chemical changes of 
sufficient magnitude to account for it should be detectable 

Oxygen saturation The range of oxygen unsaturation in volumes 
per cent Oe i e , the O 2 utilized during capillary flow varies over the 
same range m the cardiac patient as in the normal both at rest and 
folloMing exercise The average increase for exercise (Table 1) for 
the normals was only 0 5 volume per cent O 2 and for the patients only 
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TABLE 2 


Change front resting value produced by moderate exercise 

(Six of the expenments wth mild exercise reported m Table 1 were continued with 
moderate exercise resulting in the changes tabulated in this table ) 


Subject 

Ventilation in 
crease per minute 
per square meter 

1 

Oxygen 

! unsaturation 

Serum 

COi 

content 

COi 

tension 

pH 

T R.H 

liters 

5 42 

volumes 
per cent 

+2 79 

tolumes 
ter cent 

-1 9 

mm Hg 

-3 3 

+0 03 

J A C 

4 17 

+1 33 


-1 1 

+0 02 

G E C 

7 21 

-3 64 


+ 18 

0 

W E W 

4 96 

— • 


+0 9 


L C 

9 14 

1 

+0 42 


+3 8 

Hi 


0 9 volume per cent The results for oxygen utilization afford no ade- 
quate explanation for the marked increase in ventilation 

Carbon d-ioxtde content of the serum The range for the patients was 
greater than for the controls but all values were within normal limits 
The mean values were almost exactly the same for the two groups It 
IS evident that these patients showed no evidence of diminished alkaline 
reserve, and hence that the difference in ventilation cannot be ascribed 
to changes in bicarbonate content 

As a matter of fact, m review of the eleven observations, the CO 2 
content was slightly greater after exercise and the average figures were 
an increase of 0 3 volume per cent for the normal and 0 8 volume per 
cent for the cardiac 

Hydrogen ton con-centratwn of the serum At rest the values were on 
the average slightly more alkaline in the patients than in the controls, 
but here again overlapping occurred and with one exception all were 
within the normal limits of pH, reported for normal individuals in 
Nashville by Earle and Cullen (1929) After mild exercise four of the 
five normal subjects had an increase m pH, the fifth showing no change 
Of the SIX patients, four had a slight rise in pH, one a slight decrease and 
one no change After mild exercise the pH was on the average 0 03 
more alkaline in the normals and 0 01 more alkaline in the patients than 
in the control determinations After moderate exercise the normal 
subjects were often slightly more alkaline — average 0 01 — than in the 
control period 
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From these results it is dear that such differences in pH as were found 
after exercise must be loohed on as effects rather than causes of the 
changes observed in ventilation 

Carboii dioxide tension of the serum The resting values were usually 
somewhat lower in the patients, the average being 39 mm as opposed 
to 41 mm in the normals However, two of the patients had values 
above the average for the normals and one of the controls had a value 
below the average for the patients After mild exercise the carbon 
dioxide tension of the normal subjects was decreased in three instances 
and practically unchanged in two In the patients the carbon dioxide 
tension was decreased in two, increased in one, and practically un- 
changed in three observations (Differences of less than 1 0 mm are 
almost certainly not significant as an error of 0 2 volume per cent in 
carbon dioxide content plus an error of 0 02 m pH would cause a differ 
ence of approximately 2 mm in the calculated carbon dioxide tension 
However, since the above errors are maximal for the methods used, 
changes of more than one millimeter are possibly significant ) The 
average change was —2 3 mm in the normal subjects, and —0 4 mm 
in the patients After moderate exercise the carbon dioxide tension 
returned almost to the resting level 

It can therefore be stated that insofar as conclusions can be drawn 
from the venous blood of the arm, nather the increased \entilabon 
after exerase in both the normal and diseased subjects, nor the in- 
creased ventilation in the latter as compared to the former under aim 
liar conditions can be attnbuted to changes in carbon dioxide tension 
On the contrary such changes in the latter function as have been found 
are probably to be considered as results of mcreased ventilation 

B The findings in arterial blood [Table 3) 

Plan The observatrons of Haldane (1922) of Wmterstein (1911), 
and of Hasselbalch (1912) have indicated the great importance of the 
h> drogen ion concentration of the arterial blood in the control of res 
pirabon Other authors. Hooker Wilson, and Connett (1917), and 
Scott (1918), hare believed that the arterial carbon dioxide tension has 
a more or less speafic function m respuatory control Since it is 
possible that the absence of any definite changes m venous blood from 
the arm might have been due to the buffering action of the muscles of 
the arm it seemed necessary to stud) artenal blood 



TABLE 3 

The venUlalion and acid base condition of arterial blood of the arm at rest and after mild 
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The expenmental procedure was the same as that previously de- 
scnbed except that brachial artenal punctures were done before and 
immediately after the exerase. The punctures eere made ivith local 
anesthetic, novacame. Whenever there was any pain or any difficulty 
in obtammg any sample the experiment was abandoned Blood usually 
appeared m the Bynnge withm txeaty secctids after the end of the 
exerase and in most instances the entire sample was obtamed dunng 
the first mmute of the after period The values for ventilation after 
exerase in the tables are those for the minute dunng which the blood 
samples were drawn 

The oxygen capacity of the blood was usually determined only once, 
a mixed sample consisting of equal parts of the blood drawn before and 
that draw n after exercise bang used In the one expenment m which 
capaaty was determined both before and after exercise an increase of 
approximately one volume per cent was found This is in agreement 
with the findings of Harnson Robinson and Syllaba (1929), who re- 
ported increase in oxygen capaaty dunng exercise 

The oxygen sainralton vaned between 90 and 100 per cent, all values 
bang therefore within, or nearly within, normal limits In most in- 
stances a small nse in oxygen content was noted after exercise Similar 
results were obtamed by Himwich and Loebel (1927) on normal sub- 
jects It 13 evident that the changes m artenal saturabon are the 
results rather than the cause of the increase in ventilation produced by 
exacise 

It was noted in the previous paragraph that pooled blood was used 
for the determination of the oxygen capaaty Since the oxygen ca 
paaty is greater after exerase, the effect is to inaease the apparent 
oxygen saturation in exerase blood and to decrease it in resbng blood 
This effect is negligible in these experiments, but should be considered 
in using these data for absolute values 

T7ie carbon dioxide content of the zerttni was unaltered (change of less 
than 0 2 volume per cent) twice maeased once and decreased six 
times All changes were of relabvely small degree The av'erage for 
the nine observabons was a diminubon of 0 8 volume per cent Such 
a change could be explained ather by a slight increase in non-volable 
aad or by over-venblabon 

The hydrogen ion concentration of the sernm was unchanged after ex- 
cess exerase (change of 0 02 or less) m five instances, decreased in 
S3 
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three and increased in one The mean change was a decrease of 0 01 
pH which IS almost the average error of the method It is to be noted 
that in the restmg cardiac patients there is a definite tendency toward 
alkalinity This is m agreement with the observations of Fraser, 
Hams, Hilton and Linder (1928) 

The carhcm dwx'ide teiiswn was not appreciably altered in five in- 
stances (change of less than one millimeter) was increased in three and 
decreased in one The average change was an increase of 0 3 mm 
which is much less than the error of the method 

It may be noted that there was on the average a very slight shift 
toward acidity as regards carbon dioxide tension and in respect to 
hydrogen ion concentration These changes were so slight that in six 
of the nine observations, they might have been considered in any given 
instance as due to error However, the question anses could such 
slight changes account for the observed change in ventilation, which 
was usually increased by more than fifty per cent and often was more 
than double the resting value? Expressed otherwise this question 
becomes Is the respiratory center sensitive to changes in carbon di- 
oxide tension or hydrogen ion concentration of such small magnitude 
as to be scarcely detectable by our present methods? As Gesell (1925) 
has pointed out, that theory of respiratory control which assumes that 
the hydrogen ion concentration of the artenal blood is the sole or chief 
factor in respiratory control necessitates the assumption that such an 
extreme sensitivity exists Hence, one might assume that increase in 
aadity of the artenal blood was the cause of the increased ventilation 
observed m our patients after exercise If this be true one has to as- 
sume first that in four mstajices a decrease in pH of less than 0 02 was 
suffiaent increased acidity to stimulate the center and secondly that 
the tv'o cases of increased pH were due to errors in technique Since 
changes in blood pH can only affect the center by resultant changes in 
the center itself as has been emphasized by Gesell (1925), it seems ex- 
tremely unlikely that the increased ventilation in these instances was 
due to the changes in blood pH However, additional attempts were 
made to determme the relative sensitivity of the breathing to change 
in artenal pH The well known fact that ammonium chloride causes 
£m aadosis was utihzed for the following experiment 
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, C Observatiotts on arlertal blood before and after the 

admintelralton of ammonium chloride 
The usual measurements of ventilation and the usual analysis of 
artenal blood were made on two patients m the fastmg resting state 
They were then given ammonium chloride by mouth, two grams every 
half hour for four doses and the observations w ere repeated The data 
are seen in Table 4 Their oxygen saturations decreased, probably due 
to a lowering of the oxygen dissociation curve In both jiatients the 
carbon dioxide content diminished markedly, the pH decreased and the 
carbon dioxide tension was also reduced It should be noted that the 
decline in pH was greater than that found after the mild exercise of this 
study The ventilation of both patients increased very slightly — to 
a much less degree than that which occurred after the exercise. 
Neither patient complained of any dyspnea, in fact, both volunteered 
the mformabon that they felt better after taking ammonium chlonde 
We are forced to conclude from these observations that the respiratory 
center is much less sensitive to changes in hydrogen ion concentration 
than has been generally believed to be the case These expenments 
also indicate that the slight shift toward aadity which was found m the 
artenal blood of some — not all — of our patients after exercise can in no 
sense be regarded as the cause of the marked mcrease in ventilation 
durmg and after exercise, 

D Time curves of the gases in artenal blood before, during, 
and after exercise 

It seemed possible that blood samples obtained after exercise might 
not represent the state of the blood dunng exercise, and hence that the 
mcrease in ventilation might haxe been due, m the first instance, to 
chemical changes which were not detectable m blood draivn two to 
three minutes after the beginning and one half to one minute after the 
end of the exertion It might be argued that there was an immediate 
increase m either hydrogen ion concentration or C0» tension sufiiaent 
to stimulate respiration and that this increased respiration caused 
enough ox'er wntilation to bring the pH back to, or above, its imtial 
level The only answer to this argument appeared to he in studymg 
the blood continuously The subject lay m bed Resbng ventilation 
was measured The needle was then inserted in the brachial artery 
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three and increased m one The mean change was a decrease of 0 01 
pH which IS almost the average error of the method It is to be noted 
that in the restmg cardiac patients there is a definite tendency toward 
alkalinity This is in agreement with the observations of Fraser, 
Hams, Hilton and Linder (1928) 

The carbcni diox'ide tension was not appreciably altered m five in- 
stances (change of less than one millimeter) was increased m three and 
decreased in one The average change was an increase of 0 3 mm 
which IS much less than the error of the method 

It may be noted that there was on the average a very slight shift 
toward acidity as regards carbon dioxide tension and in respect to 
hydrogen ion concentration These changes were so slight that in six 
of the nine observations, they might have been considered in any given 
instance as due to error However, the question anses could such 
slight changes account for the observed change in ventilation, which 
was usually mcreased by more than fifty per cent and often was more 
than double the restmg value? Expressed otherwise this question 
becomes Is the respiratory center sensitive to changes in carbon di- 
oxide tension or hydrogen ion concentration of such small magnitude 
as to be scarcely detectable by our present methods? As Gesell (1925) 
has pointed out, that theory of respiratory control which assumes that 
the hydrogen ion concentration of the artenal blood is the sole or chief 
factor in respiratory control necessitates the assumption that such an 
extreme sensitivity exists Hence, one might assume that increase in 
aadity of the arterial blood was the cause of the increased ventilation 
observed in our patients after exercise If this be true one has to as- 
sume first that in four instances a decrease m pH of less than 0 02 was 
sufficient mcreased acidity to stimulate the center and secondly that 
the tw'O cases of mcreased pH were due to errors in technique Since 
changes m blood pH can only affect the center by resultant changes in 
the center itself as has been emphasized by Gesell (1925), it seems ex- 
tremely unlikely that the increased ventilation m these instances was 
due to the changes in blood pH However, additional attempts were 
made to determme the relative sensitivity of the breathing to change 
in arterial pH The well known fact that ammonium chloride causes 
an acidosis was utilized for the followmg experiment 
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and a resting sample of blood was obtained The synnge was then 
detached from the needle which was held t« stilt in the artery Exer 
ase, consisting of alternately flexing and extending the opposite thigh 
and leg ivas then performed This exercise was continued for two 
minutes at a rate of thirty complete movements — flexion and extension 
— per minute Dunng each of these tivo minutes and also dunng the 
first minute after the work had ceased successive blood samples were 
obtained 

Four such observations were made on three patients The findings 
are shown in Table 5 In none of the patients were significant reduc- 
tions in the pH or increases in carbon dioxide tension observed Such 
slight changes as did occur in these functions were more often in the 
direction of increased alkalinity, but most of the changes were within 
the limit of error of the methods used However, ventilation was in- 
creased in every case 

The changes noted m the artenal saturation, although of slight de 
gree, are of some interest There was a tendency toward slight diminu 
tion during, and slight increase after, exerase. A possible explanation 
IS as follows During exerase the cardiac output probably increases 
relatively soon, when the pumping action of the muscle begms 
However, the ventdation mcreases more slowly, bemg always greater 
dunng the second than dunng the first, minute of exerase. At the 
cessation of effort the pumping action of the muscles ceases and a rapid 
dimmution in venous return and in cardiac output probably occurs 
However, the ventilation remains elevated for a longer time At the 
time when the increase in circulation is relatively greater than that in 
ventilation, one would expect a tendency for the artenal oxygen to de 
crease whereas when the reserve was true, an increased saturation 
would be expected 

In any case the changes in oxygen, like those in carbon dioxide and 
hydrogen ion concentration are much too small and too inconstant to 
account for the changes in ventilation 



TABLE 4 

The effect of amniomuin chloride on ventilation and on actd-hase condition of arterial blood 
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E The findings in the blood from the internal jugular vein 

As a result of the observations which have been given it is evident 
that the increase in ventilation brought on by exerase cannot' be ex- 
plained by changes in the chemical composition of the arterial blood or 
of the venous blood from the arm However there remains the possi- 
bility that decreased blood floiv through the brain might be present and 
account for the dyspnea Is cardiac dyspnea due to decreased blood 
flow^ through the brain? Some authors seem to think so Means 
(1924) ascribed cardiac dyspnea to diminished output of the heart, and 
presumably meant more speafically, decreased cerebral blood floiv 
Meakins and Davies (1925) discuss the complicated nature of cardiac 
dyspnea, and they, too, are inclined to regard decreased blood flow as 
being the most important factor These conclusions have been, in each 
instance, based on very indirect evidence Gesell (1925) has demon- 
strated the great importance of the blood flow through the brain m the 
control of respiration But is the flow of blood through the brain de- 
creased in patients with cardiac dyspnea? 

In order to obtain evidence on this point studies were made on the 
blood from the internal jugular vein This was obtained according to 
the technique descnbed by Myerson, Halloran and Hirsch (1927) and 
by Lennox (1930) Otherwise, the experimental procedure was exactly 
the same as that already described Observations were made before^ 
and after the mild exercise descnbed under “methods” on three sub- 
jects and m each of them the taking of the second jugular sample w^as 
completed within the first one and one-half minutes after exercise 
The data are shown in Table 6 

The oxygen content after exerase wms the same as at rest in one pa- 
tient, rose in another and fell in the third Values for mean unsatura- 
tion were 6 98 and 6 81 volumes per cent for rest and exercise re- 
spectively These values are close to the average of 7 3 volumes per 
cent unsaturation found by Lennox (1930) in the internal jugular blood 
of sixty patients wuthout cardiac or pulmonary disease It is therefore 
endent that, unless one is walling to make the unlikely assumption of 
diminished metabolic rate in the brain during exertion, the dyspnea 
brought on by mild exercise m patients wath cardiac disease cannot be 
attributed to decrease in cerebral blood flow 
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The carbon dwx'ide content did not undergo significant changes and 
this IS further evidence against diminished cerebral arculation The 
pH was unchanged in one patient and increased slightly in the other 
two The tendency was for the blood to be more alkaline after exer- 
cise but the degree of change was too slight to be significant The 
carbon dioxide tension was less after exerase in two patients and un- 
changed once Such small changes as did occur m the acid-base state 
of the blood were in the direction of increased alkalinity and are there- 
fore to be regarded as effects rather than causes of the increased 
ventilation 

F Changes in the arterial blood of normal subjects and patients 
with cardiac disease before and after maximal exercise 

In order to determine whether patients with cardiac disease are able 
to exercise sufficiently severely to become aadotic to any marked de- 
gree, obseiA’-ations were made before and immediately after an axertion 
which was as severe or nearly as severe as the subject could perform 
In these instances ventilation was not measured as it was felt that the 
face mask might hinder the respiration and hence limit the severity of 
the exercise As can be seen in Table 7, the arterial saturation in- 
creased The changes in carbon dioxide content and in hydrogen ion 
concentration were much less marked in the patients than in normal 
subjects who performed much severer exerase but had about the same 
degree of distress Despite relatively striking diminution in pH and 
carbon dioxide content, the carbon dioxide tensions were only slightly 
affected by the severe exercise 

As the patients were doing all, or nearly all, they could do, it seems 
fair to conclude that individuals with cardiac failure eire unable to per- 
form severe enough exercise to markedly affect their aad-base balance 
Their dyspnea checks them before acidosis has become severe 

In viei\ of this finding certain conclusions drawn in a previous paper in 
this senes (Harnson and Pilcher (1930)) must be revised It was found 
that patients with cardiac failure are unable to exert themselves sufficiently 
sev erely to acquire a large oxygen debt Behewng that the limiting factor 
of exercise in such patients, as in normal subjects, was the dyspnea due to 
the nse in hydrogen ion concentration of the blood, Harnson and Pilcher, 
who did not study the blood, assumed that their patients had, on the per- 
formance of relatively slight exercise, and hence following the production 
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of a relatnely small amount of lactic acid, a marked acidosis of the blood 
stream From this they concluded that the buffering power of the tissues 
was diminished in such patients However, the present work shows that 
one of their premises vas incorrect, because the limiting factor in exercise 
in patients with cardiac failure is not acidemia Hence the inability of the 
patient with cardiac failure to acquire a large oxygen debt can no longer 
be considered as indicative of diminution m muscle buffers (The other 
endence for diminished muscle buffers is of course not affected by this 
studv It may be also said that the findings in the present work are in no 
sense contrary to the data of Harrison and Pilcher, but only to the conclu- 
sions which they drew ) 


DISCUSSION 

Apphcakon of data (o cardiac disease At the beginning of the paper 
It was stated that our main object was to attempt to ascertain (1) 
why patients with cardiac disease usually have a greater ventilation 
than normal individuals upon the performance of a given exercise and 
(2) how decreased vital capacity tends to produce dyspnea From the 
foregoing data it seems clear that the present researches have failed 
entirely to furnish an adequate answer to either question All of our 
findings point toward the conclusion that such small changes as do 
occur in the composition of the blood are usually to be considered as 
effects rather than as causes of increased ventilation The absence of 
any consistent alteration m the blood also seems to indicate that dimi- 
nution in vital capaaty predisposes to dyspnea by some mechanism 
other than changes m the oxygen saturation or aad-base condition of 
the blood At the present time we are unable to state what this other 
mechanism may be Studies on the subject are m progress 

The observations which have been made confirm those of Peters and 
Barr (1921) , Eppinger, Kisch and Schwarz (1927) , and Fraser, Harris, 
Hilton and Linder (1928) These investigators have reported similar 
more or less negative results in their attempt to correlate cardiac dysp- 
nea with changes m blood composition They found increased acidity 
occasionally and increased alkalinity more frequently Most of their 
values were within normal limits Fraser and his co-workers, having 
found normal or slightly alkaline values for the hydrogen ion concen- 
tration and the carbon dioxide tension of arterial blood m patients with 
cardiac dyspnea, concluded that the dyspnea was probably to be attri- 
buted to decrease m blood flow through the respiratorj' center and 
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postulated alterations in the blood draining the brain Our finding 
jugular blood seem to invalidate this hypothesis It must be admit 
that an adequate explanation for cardiac dyspnea is entirely laclanj 
the present time Such an admission seems to us to be a distinct t 
forward So long as it is assumed, on insufficient evidence, that 
symptoms of cardiac failure are essentially and pnmanly due to c 
stantiy diminisVied cardiac output, the various pioWesus of the sub 
are likely to be considered as solved and further progress in the sub 
will be delayed 

It IS our belief that very little is knoivn concermng the cause 
cardiac dyspnea 

Certain other features m connection with the present study maj 
mentioned as requinng further elucidation It is of some interes 
note that the venous blood (both jugular and cubital) usually beco 
slightly more alkaline after mild exercise, whereas the artenal bl 
less commonly exhibited this change. The carbon dioxide conten 
the venous blood of the arm was in the majonty of instances sligl 
greater after than before exerase, whereas, that of the artenal bl 
tended to be slightly less These facts suggest that the blood 
buffered in some way as it passed through the tissues Either a s 
of chlonde from serum to cells or a passage of base from tissue to sei 
would explain the findings Further observations on this point 
needed 

In a previous paper (Pilcher, Clarke and Hamson (1930)) exam] 
of patients with cardiac failure and aademia were presented 
should be remembered that our earlier studies, which dealt particuli 
with edema were necessarily earned out on severely decompenss 
patients and several of them had dmnnished alkaline reserve of 
blood As a result of those studies it was concluded that edema te 
to cause tissue aadosis by interfenng with the diffusion of oxyj 
The fact that cardiac dyspnea of the type here studied is not essenti 
and pnmanly due to diminished blood alkalinity does not mean 1 
aadosis never occurs in patients with cardiac failure Patients v 
extensive edema may ha\e diminution in the reserve alkali, low va’ 
for pH have been found m individuals dying from cardiac dis< 
(Pilcher, Clark and Hamson (1930)) but as the present studies indic 
aadosis is usually only a very late manifestation of congesbve faili 
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and cannot be regarded as the essential cause of dyspnea m patients 
with relatively early cardiac disease 

ApphcaUm of data to general subject of respiration Complete data 
for normal individuals was obtained only m the first senes of experi- 
ments on venous blood from the arm The evidence there obtained 
was that the chemical changes m the blood of the normal were not es- 
sentially different from those of patients vnth early cardiac disease 
This evidence and the cumulative data of both arterial blood and in- 
ternal jugular blood from the bram in the subjects with early cardiac 
disease indicate (1) that the respiratory mechanism is not as sensitive 
to changes m acid-base condition as has been generally assumed and 
(2) that changes in the aad-base condition and oxygen saturation con- 
stitute only one factor in the control of respiration This conclusion is 
substantiated more fully in the following report on orthopneic dyspnea 
(Calhoun, Cullen, Harrison, Wilkins and Tims (1931)) 

The results reported here and those found concurrently m Dills’ 
laboratory (Myerson, Loman, Edwards and Dill (1931)) are m entire 
agreement Dill and his associates studied simultaneously blood from 
the jugular vein, femoral vein and femoral artery during partial anox- 
emia and found no accumulation of lactic acid or other fixed acid 
Blood from the brain was within the normal range in most subjects 

SUMMARY 

Measurements of the ventilation, oxygen content, hydrogen ion con- 
centration and carbon dioxide content of the blood before, after, and in 
a few instances during mild exercise have been made on patients with 
cardiac disease with relatively mild congestive failure and on normal 
subjects Although the exercise was mild it was sufficient to cause 
slight subjective respiratory distress m the majonty of the patients and 
to cause an increase of 50 to 100 per cent in ventilation The following 
results have been obtamed 

In arterial blood neither during nor immediately after mild exercise 
w ere there observed significant alterations in the hydrogen ion concen- 
tration, carbon dioxide content or carbon dioxide tension The changes 
v hich occurred are to be interpreted as being, in the mam, effects rather 
than causes of increased ventilation 
At rest the venous blood of the arm of the patients was almost identical 
vith that of the normal subjects in regard to oxygen unsaturation, and 
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carbon dioxide content As an average the pH was slightly higher 
and the carbon dioxide tension slightly lower in the patients, but the 
differences were too slight to be significant After the mild exercise the 
blood of both groups tended to be slightly more alkaline and the oxygen 
unsaturation was slightly greater in the patients than in the normal 
subjects Any chemical changes in the blood are to be regarded in 
both groups as effects rather than causes of the increase in ventilation 
In blood from the internal jugular of subjects at rest the oxygen un- 
saturation in the patients was slightly but not significantly less m the 
patients than the average values found by other investigators for jugu 
lar blood in normal subjects After mild exercise the oxygen content 
was not altered The carbon dioxide content, pH and carbon dioxide 
tension of the jugular blood were unchanged or slightly altered in the 
direction of alkalinity after exertion 
Ammonium chloride administered by mouth caused relatively great 
decrease m pH and carbon dioxide content of the arterial blood and 
relatively slight increase in ventilation, whereas mild exercise caused 
slight or no change m blood gases and marked mcrease m ventilation 
Maximal exertion in normal subjects caused marked reduction in 
carbon dioxide content and pH of arterial blood In patients with 
cardiac failure maximal exertion which, although actually less than 
that performed by the normal subjects tv as accompanied by comparable 
respiratory distress, was attended by less marked reduction in carbon 
dioxide content and pH of the artenai blood The limiting factor in 
exertion in such patients is not aadosis, but some other mechanism 
The respiratory mechanism is less sensitive to changes m aad base 
condition of the blood than has been generally believed It appears 
that both in normal subjects and in patients with cardiac disease deli 
cate respiratory adjustments to mild exercise are made quite inde 
pendently of changes in the oxygen saturation and the acid base condi- 
tion of the blood 

The observations do not lend Bupjiort to the notion that the blood 
flow through the tissue is significantly less than normal in patients with 
slight cardiac failure either at rest or upon the performance of mdd 
exercise The findings are contrary to the idea that dyspnea in fia- 
tients of this type is due to dimmution in cerebral blood flow Cardiac 
dyspnea is apparently due to some other, as yet unknown, cause. 
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STUDIES IN CONGESTIX^ HEART FAILURE 

XIV Orthopnea Its Relation to Ventilation Vital Capacity 
Oxygen Saturation and Acid-Base Condition of 
Arterial and Jugular Blood ' 

By J ALFRED CALHOUN GLENN E. CULLEN TINSLEY E, HARRISON, 
WALTER L. WILKINS and M M TIMS 

{From thi Departments of Medtctne attd Btochemutry VanderinU UntversUy 
School of Medutfie NashvtUe) 

(Rtrcervtd for pubhcation July 1 1931) 

INTRODUCTION 

A number of hypotheses have been advanced as to the mechanism 
of the production of orthopnea In general, these may be divided into 
three main groups 

1 Diminished cerebral blood flow Krehl (1916) behc\ed that orthopnea, 
as well as other types of cardiac dyspnea, is al^^ays due to an ineffiaent 
interchange of gases between the blood and certain cells of the medulla 
He pointed out that slowing of the blood stream was one of the means by 
which such a de&aency could come about- Sir James Mackenzie (1925) 
claimed that cardiac dyspnea of all types was pnmanly due to a deficient 
cardiac output Neither supported their contentions by expenmenU Ke- 
cently, Ernstene and Blumgart (1930) investigated the subject and inter 
preted their studies as indicating that orthopnea w’as due to diminished 
cerebral blood flow They stated 

' This theory is based on the fact that increased cerebral venous pressure 
diminishes intracranial blood flow thereby favoring increased anoxemia of 
the respiratory center In the upright position the pressure m the 

veins about the respiratory center is kept more nearly normal than in any 
other position and the blood flow m the capillaries feeding these veins is 
increased In general it was found that the higher the venous pressure 

the greater was the orthopnea When orthopneic patients were placed in 
the recumbent position with the head flat, simple elevation of the head by 
flexion of It on the thorax produced, almost without exception conspicuous 
dimmuuon of the respiratory distress but had no significant effect on the 
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ORTHOPNEA 


Mtal capacity of the lungs The extent of the diminution of the Mtal 

capacity of the lungs does not seem to be an important factor in determining 
the degree of ele\ ation w hich gi\ es the patient maximum relief Orthopnea 
of necessity was obsemed m patients in whom the vital capacity of the 
lungs was not significantly increased bv changing from the recumbent to 
the sitting position ” 

2 Deficient aeration of the blood -in the lungs Haldane, Meakins, and 
Pnestley (1919) pointed out that the expansion of the lungs is uneven in 
the recumbent posture In normal subjects this is compensated for by 
slower and deeper breathing, but in patients with cardiac failure wnth dimin- 
ished vital capacity, the depth of breathing cannot be materially increased 
Consequently, they believed that the artenal saturation with oxygen was 
less in the reclining position in such patients and that orthopnea was due 
to this fact 

Aleakins and Davies (1925) believed that decreased artenal saturation 
in the honzontal position was an important factor in the production of 
orthopnea Wilson (1928) confirmed Bohr's (1907) observation that the 
reseiw'e air was greater in the sitting than in the recumbent posture Con- 
sequently, he believed that orthopnea could be explained by an assumption 
of decreased artenal saturation How'ever, none of these authors performed 
analyses of arterial blood 

3 Mechanical changes in the lungs Bohr, in 1907, show'ed that the vital 
capacity and the reser^ e air were greater in the sitting than in the recumbent 
position Rubow (1909) belie\ ed that kinking of the veins in the recumbent 
posture caused increased resistance in the pulmonary circulation Christie 
and Beams (1922) found reduction of vital capanty in the recumbent posi- 
tion The a-\erage degree of diminution was 5 5 per cent in tw'O hundred 
and se\entv normal subjects and 26 5 per cent in a senes of seven patients 
w ith orthopnea They conclude that the decrease in vital capaaty was the 
cause of the distress felt in the honzontal position Ernstene and Blumgart 
(1930) found much smaller difference in vital capaaty in their orthopneic 
patients w^ho had on the average only eight per cent greater vital capacity 
in the sitting than the recumbent position 

Field and Bock (1925) found diminished cardiac output in the sitting as 
compared to the recumbent position, and believed that the respiratory dis- 
tress which comes on l>nng down is due to pulmonary' congestion and con- 
sequent diminution in ^^tal capaatj' The most recent obseiw'ations on the 
subject, those of Grollman (1928), did not demonstrate much change in 
cardiac output with change of posture 

Blackhall-hlorison (1928) believed that the orthopneic position produced 
benefit bv limiting the \enous inflow' into the heart Hirschfelder (1913) 
thought that there were se^eraI different factors responsible for the relief 
expenenced in the sitting posture These were (1) descent of the liver and 
diaphragm with consequent increase in the air space of the chest, (2) equali- 
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zation of the load on the two \ entricles because of dimimshed v enous return 
to the right auncle (3) diminished venous stasis in the medulla 

Present study 

The investigation of the relation of the dyspnea of exercise reported 
in the preceding paper (Cullen, Hamson Calhoun, Wilhins and Tuns 
(1931)) in u hicli it was found that the changes in the oxygen saturation 
and acid base condition of the blood were secondary to and not causa 
tive of the dyspnea indicates that similar relations might be true in 
orthopnea 

The concept that orthopnea m patients with cardiac failure is essen 
tially due to decrease m cerebral blood flow seems extremely unlikely to 
us because it is contrary to the following well known clinical facts 

(1) Syncope, which is presumably due to decreased cerebral blood 
flow 18 often relieved by putting the head dow n 

(2) Orthopnea occurs m a vanety of conditions such as congestive 
heart failure massive ascites pleural effusion, pneumothorax and some 
cases of pneumonia All of these conditions are assoaated with de 
crease in vital capacity, but only one of them, namely, cardiac failure 
18 regularly associated with increase in venous pressure Is orthopnea 
in cardiac disease to be regarded as being entirely different from orthop 
nea m other conditions? 

(3) Orthopnea is invariably absent in hemorrhage and shock which 
are known to be assoaated with diminution of the cardiac output 

(4) Orthopnea often occurs in patients with cardiac disease, who 
have no edema no enlargement of the liver, and no striking distension 
of the cervical veins 

In trying to evaluate the expenmental data from which the various 
opinions reviewed here have been deduced, it became evident that more 
adequate observations were needed in which both the respiratory fac- 
tors and blood chemical changes were studied in the same patients at 
the same time The present paper reports the results of a study 
planned to furnish such data 

Blood studies Blood was obtained from the brachial artery and 
from the internal jugular vein, according to the technique descnbed 
by Myerson, Halloran and Hirsch (1927) and by Lennox (1930) 
Analyses for oxygen and carbon dioxide were made, the hydrogen ion 
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concentration was determined and the carbon dioxide tension as cal- 
culated according to the methods described m the preceding paper of 
this senes (Cullen, Harrison, Calhoun, Wilkins and Tims (1931) ) 



Fig 1 

The curve runs from right to left The upstroke denotes inspiration, 
the down stroke expiration The line M-B-E-H represents the mid-position 
of the lungs Three vital capacities were taken A-B-C, D-E-F and G-H-I 
The values for these as calculated from the curve were 249 liters, 260 liters 
and 281 liters respectively However, w'hen the greatest of the three inspi- 
rations (A-B) IS added to the greatest of the three expirations (H-I) the 
value obtained is 290 liters It is obvious that this represents the true 
vital capaaty and that the other values are all lower than the true, le. 
maximum vntal capaaty 


CAl.HOTra, CTIXEN, HARRISON, WHiKINS AND TIMS 837 

The obaervahons were made on a group of eight patients suffering 
from different types and degrees of cardiac disease and congestive heart 
failure The group includes one patient, J L , ivith tuberculosis and 
asthma as representative of pulmonary complication The findmga in 
his case are summanzed separately from those in the rest of the group 
Three normal males were used as controls 

Respiratory measurements were made in the usual way In measur- 
ing ventilation the patient breathed into a Tissot spirometer through a 
face mask equipped with appropriate valves The vital capacity for 
some of the observations were obtained in the usual way but for the 
later determinations a refinement was introduced 
The subject was connected to a Benedict basal metabolism spirom- 
eter and alloyed to breathe quietly for a few minutes, long enough to 
establish the slope of a mid-posttion line The subject tlien made a 
senes of maximal inhalations and exhalations The deepest inhalation, 
measured from the mid position was added to the greatest expiration 
to establish the true maximum vital capaat>' (See Fig 1 ) 

RESULTS 

A The relation of orthopnea to the oxygen content and acid 
base balance of the blood 

The data are shown m Table 1 The findings in the case of J L 
are discussed separately at the end of this section The arterial oxygen 
saturation was usually somey hat greater in the sitting than the recumb- 
ent position but the change was often slight and sometimes absent. 
Most of the xalues in either position were yithin normal limits 
Consequently, it seems extremely unlikely that the benefit denved 
from the sitting position can be e.xplained by the changes in arterial 
saturation, although in some cases this may be one factor 

The jugular venous oxygen content was less once, greater once and 
practically unchanged in the remaining four instances, in the sitting 
position as compared to the recumbent posture The arlencrvenous 
oxygen difference of the blood passing through the brain was determined in 
fix e instances and was in every case almost exactly the same in the two 
positions However, the actual values vaned widely in different pier 
sons the lowest being 3 62 and the highest 10 54 volumes per cent Oi 
The mean artenovenous oxygen difference for the blood obtained from 
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the internal jugular vein was 6 51 volumes per cent in the recumbent 
position and 6 55 volumes pet cent in the sitting posture Therefore it 
IS concluded that orthopnea cnnnot be due to diminished cerebral blood 
flow in the recumbent position The only possible alternatives to this 
conclusion are the unlikely assumptions either that the portion of the 
brain drained by the jugular veins is different in the two positions or 
that the oxygen consumption ol the brain is less when an individual 
hes doiiTi than when he sits up 

It may be noted that the average value for the utilization of oxygen 
in the blood passing through the brain of the patients with cardiac fail- 
ure was almost exactly the same as those found by Lennox (1930) m his 
senes of fifty-one mdividuals with no cardiac or pulmonary disease 
Hie average value t\ as 6 5 volumes per cent, but different normal sub- 
jects showed marked differences, as did our patients The idea that 
cardiac dyspnea is pnmanly due to diminished cerebral blood flow has 
been widely accepted These data, like those published in our preced 
ing paper (Cullen, Hamson, Calhoun, Wilkins and Tims (1931)) fail 
to support this assumption Some of our patients were severely de- 
compensated but m only one of the five subjects C'V J ) were the values 
for jugular oxygen much lower than the normal average It seems 
dear that the cause of cardiac dyspnea must be sought elfeewhere 

The carbon dioxide content of the serum was often slightly less in the 
arterial blood in the sitting than m the recumbent position The 
difference was not striking being usually less than one volume per 
cent and in three of the eight mstances no change was noted No 
constant difference in the carbon dioxide content of the jugular blood 
was observed All values except one (W J) were within normal 
limits 

The hydrogen ion concentration of the arterial serum was the same — 
withm the limit of error of the method in the two positions in stx of 
the eight observations In one instance (W J ) decided shifts toward 
alkalinity were observed when the patient sat up The pH of the 
blood from the internal jugular vein was the same in the two positions 
in three observations and more alkaline m the sitting position m three 
The arterial pH was above 7 50 (both sitting and recumbent) in six of 
eight observabons and m two of these it was above 7 60 The jugular 
blood was within normal range with one excephon, W J , pH 7 59 
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These findings are m accord with those of other investigators (Eppinger, 
Khsch and Schwarz (1927), Fraser, Harris, Hilton and Linder (1928)) 
that the majonty of patients with cardiac insufficiency have blood 
which IS toward or beyond the alkaline side of the normal range 

The carbon d-ioxide tension of the artenal blood was practically the 
same in the two positions in siv of eight determinations In the re- 
maining two subjects the carbon dioxide tension was lower sitting than 
recumbent The carbon dioxide tension of the blood from the internal 
jugular vein was practically the same in the two positions m three pa- 
tients, was somewhat less sitting in two individuals and was very much 
less sitting in one patient The carbon dioxide tension m both posi- 
tions was rather lower than normal in six of eight patients, and was 
normal twice 

It IS evident from these data that the majority of patients with con- 
gestive failure have a slight or moderate alkalemia (tendency toward 
decreasing hydrogen ion concentration) from over ventilation, although 
the blood may be normal in regard to its alkali reserve In none of the 
patients were the changes in the blood adequate to account entirely for 
the discomfort m the recumbent position Their distress could be ex- 
plained neither by deficient circulation nor by inadequate aeration, 
and such changes as were found in the blood were evidently effects 
rather than causes of their dyspnea 

The findings in J L are of special interest This man had tubercu- 
losis, emphysema, asthma and cardiac insufficiency His ventilation 
was less than that of any other patient studied, and yet he had more 
subjective dyspnea than any other subject in the series (It has been 
showm previously by Harrison, Turley, Jones and Calhoun (1931) that 
w'hen respiratory obstruction is present the amount of ventilation is no 
index to the degree of subjective dyspnea ) He was the only patient 
of the series wnth marked anoxemia The findings m the blood were 
those of uncompensated carbon dioxide excess and his distress was due 
to deficient aeration w'hich w^as reflected in the blood His carbon 
dioxide tension w^as extremely high and much higher lying than sitting 
It IS evident that, m this type of patient, orthopnea could be explained 
by the less efficient gas exchange in the lung m the recumbent posture 
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B Respiratory measurements in patients with orthopnea 
Vital capacity and ventilation ratio In order to compare quanti- 
tabvely the respiratory embarrassment of the patients the values for the 

ventilation per minute , . . , j j i, 

ratio ; — have been determined and are shown m 

vital capaaty 

Table 2 It has been shown previously (Hamson, Turley, Jones and 
Calhoun (1931)) that this quotient is a fairly accurate expression of the 
degree of respiratory distress In the normal subjects the values are 
the same m the two positions and range between 1 50 and 1 80 where- 
as, the \alues for the patients are much higher, and in the majority of 
them the figures are considerably less in the sitting than in the re- 
cumbent posture In an attempt to analyze the factors responsible 
for the greater dyspnea in the recumbent fiosition the respiratory 
measurements are presented in detail m Table 2 

Observations were made of the ventilation per minute, respiratory 
rate and vital capaaty of nine patients and of three normal subjects in 
the recumbent and sitting positions The other data were calculated 
from these measurements The total dead space (instrumental plus 
anatomical) was assumed to be 160 cubic centimeters The mask used 
fitted the face closely and did not have a dead space of more than 30 
cubic centimeters The anatomical dead space was assumed to be 130 
cc for each subject The values for dead space ventilation and al- 
veolar ventilation are therefore to be regarded as only crude approxi- 
mations 

The order m which the vanous observations were made was varied, 
some of the subjects being studied first m the recumbent and then m 
the sitting jxisition while in other individuals the observations while 
sitting were made first For the sake of uniformity in tabulation the 
measurements m the recumbent posture are m each subject presented 
first 

The Vital capacities of the patients were as would be exjiected, much 
less than those of the normal individuals The latter had slightly 
greater vital capaaty in the sitting position, the difference bang about 
the same as that found by Chnstie and Beams (1922) in them large 
senes of normal subjects In all of the patients the vital capacity was 
greater in the sitting position and the degree of difference w as not only 
relatively but m most cases was actually greater than in the normal 
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ORTHOPNEA. 


orthopnea may breathe more rapidly m the recumbent than m the sit- 
ting posture while normal indmduals may breathe slightly slower m 
the recumbent posture In both positions the respiratory rate of the 
patients is usually faster than normal It has also been shown that 
the tachypnea of patients with cardiac failure is not due to anoxemia or 
changes in the acid-base balance of the blood 

That the rate of breathing is closely related to reflexes from the lungs 
through the vagus nerves was demonstrated more than sixty years ago 
by Hering and Brauer (1868), who showed that distension of the lungs 
produced an expiratory movement, whereas, deflation of the lungs pro- 
duced an inspiratory movement, these effects being absent when the 
vagus nerves were cut These observations have been confirmed by 
numerous observers It seems possible that if for any reason such as 
rigidity or congestion, air cannot enter certain parts of the lungs the 
remaining functioning portion might be distended sufficiently to excite 
the Hering Brauer reflex with much less air than is normally required 
and thus bring about an increased rate of breathing Further data on 
the nervous control of respiration in relation to changes m the lungs are 
needed In the succeeding paper of this series (Harrison, Calhoun, 
Cullen, Wilkins and Pilcher (1932)) such data will be presented 
Further, the amount of air required to distend a given functioning 
portion of a lung is more nearly a function of the “complementary air” 
(volume from mid-position of lung to maximum inspiration) — than of 
total vital capacity If the ngidity or congestion which brings about 
reduced vital capacity is of such a nature that when a subject sits up 
the mid-position of the lung does not change proportionately as much 
as in the normal and there results an increased complementary air, one 
would expect that subject to breathe more slowly In order to test 
this reasoning further observations were made The recumbent sub- 
jects were connected to a Benedict spirometer Vital capacity, com- 
plementary air and supplementary air were measured The subject 
then breathed normally for three minutes during which the respirations 
were recorded Then, Avithout removing the mouthpiece, the subject 
sat up and the observations were repeated After a few minutes rest 
the observations were again made, in this instance the measurements 
bemg taken first with the patient sitting The data are shown in 
Table 3 The vital capacity in the sitting posture was slightly greater 
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TABLE 3 


The effect of posture on the mid position of the Itinis the complementary atr 
and the supplementary atr * 


1 

Subject 1 
end lex 

1 

DiosDOslf 

Potkloo 

' Re 
' >ptm 

1 tory 
nte 

1 

Complc- 

menttry 

air 

Suppl^ 

meniary^ 

air 

Mtol 

ca 

packy 

Shift In ' 
mid 

poaitioa 

1 

I>ecee ai 
ortnopoea 





u 

1 a 


1 


F J 

Normal 

Recumbent 

14 

2010 

730 

2740 

390 

None 

F 


Sitting 

14 

1720 

1200 

2920 

1 _ . . 


M B 

Normal 

Recumbent' 

18 

1820 

ISI 

2570 


None 

F 


Sitting 1 

19 

1740 

m 

2710 





Recumbent' 

15 

2530 

1 1270 

3800 


None 



Sitting ' 

15 

2320 

1540 

3860 



W E W 

Normal 

RecurabentI 

15 

2490 

1620 

4110 

250 

None 

M 


Sittuig ' 

15 

2280 

1990 

4270 



T R.H 

Normal 


7 

2840 

MM 

4230 

180 

None 

M 



8 

2630 

1 1630 

4260 




Hypertension 

Recumbent' 


1350 

790 

2140 

150 

None 


Artenosdero-' 

Sitting 

25 

1140 

■lilM 

2180 




SIS 









Emph^’sema 1 








W C 

Hypertension 

Recumbent 

18 

1850 ' 

460 

2310 

150 

Choice 

M 

Artenosclero- 

Sitting 

17 

1850 ! 

700 

2500 




SIB 



i 


1 




Bronchiec 

Recumbent 


2030 ! 

410 

2440 

220 

Choice 


lasts 









Asthma 1 

Sitting 


2120 

580 

2700 




Syphilitic ' 

Recumbent 


910 


1470 

60 

Necessity 


aortic in 
suffiaency 

Sitting ' 

i 

1080 





M H 

Cardiac hy 

Recumbent 

39 

520 


1000 


Necessity 

F 

pertrophy 

1 

Sitting 

32 

660 

580 

1240 



* The terms complementary air ' and “supplementary air are used 
to denote the greatest amounts of air which can be inspired and expired 
respectively, from the mid position of the lungs 
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ORTHOPNEA 


than m the recumbent in the normal subjects and m the patient Mho 
had no orthopnea, was moderately greater in the two subjects \vith 
orthopnea of choice, and Mas markedly' greater m the subjects Muth 
se\ere orthopnea The supplementary^ air M'as greater in all subjects 
m the sitting posture, the degree of increase being about the same in 
the patients as m the normal subjects The complementary air M'as 
less m the sitting than in the recumbent posture in the normal subjects 
and in the patient Muth no orthopnea In the orthopneic patients the 
complementary' air M'as unchanged or greater in the sitting posture 
The shift in the mid-position of the lungs on change of posture M'as 
usually greater than the change in \'ital capacity in the normal sub- 
jects, but the reverse M'as true in the orthopneic patients Conse- 
quently the latter usually' had greater complementary air in the sitting 
, posture and the former had more “room to breathe’’ in the recumbent 
position These observations may throM' some light on the facts that 
normal subjects may breathe slower when recumbent and that orthop- 
neic individuals are likely to breathe sloM'er M'hen sitting 

C The relations of the position of the head and of venons pressure to 

orthopnea 

Ernstene and Blumgart (1930) observed that in orthopneic patients 
elevation of the head M'lthout raising the body M'as often folloM'ed by 
distinct diminution m respiratory discomfort They concluded that 
this relief M'as to be attributed to increased cerebral blood floM' due in 
turn to diminished venous pressure The data already presented 
(Table 1) indicate that the blood flow through the head is not changed 
by' posture in patients M'lth orthopnea HoM'ever, although we dis- 
agree M'lth their conclusion, we have confirmed their observation 
(Table 4) In seven of eight observations on seven patients the venti- 
lation M'as less M'lth the head flexed than with it extended As signifi- 
cant changes in respiratory rate and in vital capacity Mere not ob- 
serv'ed these data are omitted from the table Six of the seven patients 
said that they ' m ere someM'hat more comfortable with the head flexed 
although in most instances the difference M'as not striking 

In order to determine M'hether the increase in venous pressure pro- 
duced by' extending the head m as in itself responsible for the increased 
respiratory' discomfort felt by' the patients further obsen'ations were 
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made on both noma^ and patienis. A b'ond p-essure cn5 'eras ptit 
around the neck the lemmbtnt sub ect. The ventilatioa tras 
measured for 3 minutes mtn no pnestme. and EucresErTelT, after tee cos 
had been mflated to 15 mta. Hg rntii tne pataents and to 15 25 and 55 
mm vTth the nerma-f The beac was thea neied and the nieascre- 
ments at \-anous p’-essure? -epieateti- FtnaTH the sorgects were 
propped up in the snmg pcstton anc the sarne cbs>ervat_Qns trere made. 

The results fo' tne cmaats are snewo tn Figure 2 eaca pomt bemg 
the aL'erage Lwlne to- four to si metscremers la eaca postia ra- 
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ORTHOPXEA. 


grees of pressure the ventilation vas least in the horizontal position 
with the head flexed and most in the sitting position, the values for the 
reclining position with the head extended being intermediate Hoi\ - 
ever, vith moderate pressure (15 and 25 mm ) the increase over the 

Venhlalion per 
minute per 
S£{. meter. 

Liters 



Fig 2 

Shoiis relationship between pressure on neck and ventilation in vanous 
positions All subjects normal 

value w ith no pressure was less in the sitting than m the two recumbent 
positions 

The subjective sensations of the normal subjects are of espeaal in- 
terest In addition to the local sense of pressure on the neck which 
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was incidental to the procedure, all of them experienced an uncomfort- 
able feeling of fullness in the head The degree of this sensation ivas 
naturally proportional to the height of the pressure but each of the 
subjects noted that for any given pressure he was distmctly less un 
comfortable wnth the head flexed than with the head extended and vras 
least uncomfortable in the sittmg position None of the subjects felt 
any shortness of breath If nse in venous pressure per se is an important 
cause of cardiac dyspnea they should have been quite short of breath 
because the venous pressures in the head were decidedly higher than 
those ordinarily found in patients with congestive heart failure 

Observations were made on the effect of artifiaally increasing the 
venous pressure to 15 mm Hg in five patients Three of them had had 
congestive failure with orthopnea in the past but did not have orthop 
nea at the time the observations were made. In the recumbent posture 
their ventilation was measured with and without putting pressure on 
the neck Significant increase in ventilation was not observed (Table 
5) Subjective dyspnea did not occur The other two patients had 
severe orthopnea and ivere studied in the upnght position Again sig- 
nificant changes in ventilation and m subjective respiratory distress did 
not take place when pressure was applied to the neck. These observa- 
tions seem to be fairly conclusive proof that increase in venous pressure 
is not the major factor in the production of orthopnea 

These observations seem to us to clanfy the significance of the posi 
tion of the head and of venous pressure in the production of orthopnea 
Regardless of the height of venous pressure recumbent individuals feel 
somewhat uncomfortable with the head extended (most people prefer 
to sleep on a pillow) The higher the venous pressure the greater is the 
discomfort in this position 

Distress of any kind tends to cause mcrease in breathmg This 
slight increase in ventilation causes no discomfort in normal subjects 
because of their large respiratory reserve (vital capacity) The orthop 
neic patient is already calling on his reserves and the slight increase in 
ventilabon which comes when the head is extended causes further re- 
spiratory distress It should be noted that the relauve difference in 
ventilauon on flexing the head was about the same (ten per cent) m the 
normal subjects and in the patients However, the actual decrease m 
ventilation on flexing the head was almost twice as much m the 
patients 
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grees of pressure the ventilation was least m the horizontal position 
with the head flexed and most in the sitting position, the values for the 
reclining position ^\^th the head extended being intermediate How- 
ever, with moderate pressure (15 and 25 mm ) the increase over the 

Venhlalion pet' 
minute per 
5 tj. me bar. 

Liters 



Fig 2 

Shoves relationship between pressure on neck and ventilation in various 
positions All subjects normal 

value with no pressure was less in the sitting than in the two recumbent 
positions 

The subjective sensations of the normal subjects are of espeaal in- 
terest In addition to the local sense of pressure on the neck which 
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was incidental to the procedure, all of them experienced an uncomfort- 
able feeling of fullness in the head The degree of tins sensation was 
naturally proportional to the height of the pressure but each of the 
subjects noted that for any given pressure he was distinctly less un 
comfortable w ith the head flexed than n ith the head extended, and was 
least uncomfortable in the sitting position None of the subjects felt 
any shortness of breath If rise in venous pressure per se is an important 
cause of cardiac dyspnea they should have been quite short of breath 
because tlie \enouE pressures in the head were decidedlv higher tlian 
those ordinarily found in patients with congestive heart failure 

Observabons iiere made on the effect of artificially increasmg the 
\enous pressure to 15 mm Hg in five pabents Three of them had had 
congesbve failure iiith orthopnea m the past but did not have orthop 
nea at the time the observabons were made In the recumbent posture 
their ventildbon was measured with and without putting pressure on 
the neck Significant increase in ventilabon was not observed (Table 
5) Subjecbve dyspnea did not occur The other two pabents had 
severe orthopnea and nere studied in the upnght posibon Again sig 
mficant changes in ventilabon and in subjecttve respiratory distress did 
not take place when pressure was applied to the neck These observa 
bons seem to be fairlj conclusive proof that increase in venous pressure 
IS not the major factor in the production of orthopnea 

These observations seem to us to clarify the significance of the posi- 
bon of the head and of venous pressure in the production of orthopnea 
Regardless of the height of venous pressure recumbent individuals feel 
somewhat uncomfortable with the head extended (most people prefer 
to sleep on a piUoiv) The higher the venous pressure the greater is the 
discomfort in this position 

Distress of any kind tends to cause increase in breathing This 
slight increase in venblabon causes no discomfort in normal subjects 
because of their large respiratory reserve (vital capaaty) The orthop 
neic pabent is already calling on his reseiwes and the slight increase m 
venblabon which comes when the head is extended causes further re 
spiratory distress It should be noted that the relabve difference in 
ventilabon on flexing the head was about the same (ten per cent) in the 
normal subjects and in the pabents However, the actual decrease m 
venblabon on flexing the head was almost twice as much in the 
pabents 
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TABLE 5 


The effect of pressure on the neck on ventilation 


Subject 

Diagnosis 

Degree of 
orthopnea 

Position 

Pressure 
on necL 

Ventilation 
per minute 
per square 
meter 

Degree of 
respirator} 
distress 





mm Hg 

liters 


F J 

Bronchitis 

None 

Recumbent 

0 

4 03 

None 


Cardiac hyper- 



16 

3 57 



trophy 






A C 

Hypertension 

1 

None 

[ 

Recumbent 

0 

440 

None 


Cardiac hyper- 



16 

4 47 



trophy 


1 




L C 

Hypertension 

None 

jRecumbent 

0 

Wm 

None 


Cardiac hyper- 



16 




trophy 




■H 


W C 

Hypertension 

Necessity 

Sitting 

0 

4 89 

Slightly 


Cardiac hyper- 



15 

460 

more dys- 


trophy 





pneic with 







pressure 
on neck 

A1 C 

Syphilitic aortic 

Necessity 

Sitting 

0 


1 Unchanged 


insuffiaency 



15 

■1 



It IS possible that changes m venous pressure or in position of the 
head or neck may, through reflexes, have some influence on breathing 
It IS conceivable that alterations of the blood pressure m the carotid 
sinus IS responsible, but of this we have no direct evidence 

SUMMARY 

Orthopnea is a complex phenomenon A number of factors may 
play a r&le in its production An attempt has been made to evaluate 
their relative importance m this study and the followmg conclusions 
have been reached 

1 Decreased cerebral blood flow in the recumbent as compared to the 
sitting posture apparently does not occur The amount of oxygen taken 
out of the blood passing through the brain is, in orthopneic patients, 
almost exactly the same in the two positions and, although figures from 
different individuals show wide vanations, the average figure is ap- 
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proximately the same as that found in normal subjects Hence, 
changes in cerebral blood flow are probably of no significance in the 
production of cardiac dyspnea either in the sitting or recumbent pos 
tures 

2 Oxygen saturahon and acid base condition The arterial satura- 
tion often IB somewhat greater in the sitting than in the horizontal 
position The degree of change is frequentlv too small to be of great 
importance and even in recumbent orthopneic patients the arterial 
saturation is usually within normal limits The carbon dioade con- 
tent of the arterial and internal jugular blood is usually normal and is 
relatively unaffected by posture In both positions the carbon dioxide 
tension and hydrogen ion concentration of blood entering and leaving 
the brain are usually lower than the average normal and m most cases 
the values are not changed beyond the limits of error of the methods, 
by change of posture In certain cases, particularly those with asthma, 
the pH may be low and the carbon dioxide tension high in the re- 
cumbent posture, and in such patients sitting up is followed by a shift 
toward alkalinity in these functions Ordinarily such alterations in pH 
and COt tension as are found m both positions are to be regarded as 
effects rather than causes of dyspnea It is therefore evident that m 
the majonty of patients with orthopnea due to congestive heart failure, 
defiaent aeration of the blood in the recumbent posture is either of no 
significance or of only slight importance. 

3 The position of the head is of some significance in almost all 
orthopneic patients The relief produced by flexing the head is not due 
to change in cerebral flow 

4 Increased respiratory rate in the recumbent posture is also of im 
portance in the production of severe orthopnea in certain patients 

The cause of the increased respiratory rate in patients with cardiac 
failure and the reason for the further increase, m some cases, on assum- 
ing the horizontal posture is not yet enUrely known It is not due to 
changes in the oxygenation or aad base condition of the blood 

5 Diminution in vital capacity In patients with advanced cardiac 
failure a diminution is found mvanably In the sitting posture the 
patients respiratory reserve is much decreased, i e , he is near the thresh 
old of dyspnea On lying down there follows a further decrease in 
vital capacity which is not only relaUvely but also usually actually 
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greater in patients with congesti\e failure than in normal individuals 
In our patients the average increase in vital capacity in the sitting as 
compared to the honzontal position was 460 cubic centimeters or 
tiventy-seven per cent of the recumbent value The fraction of the 
vital capacity used per breath is therefore greater m the recumbent 
posture and this is, in large measure, responsible for their distress on 
lying down Changes in vital capacity and lung volume are to be re- 
garded as the most important causes of orthopnea 

These conclusions are in agreement with those of Peabody (1916-17) 
and his co-workers in indicating the importance of diminished vital 
capacity in cardiac dyspnea in general and with those of Christie and 
Beams, and of Field and Bock (1925) in regard to the significance of 
changes in vital capacity in the production of orthopnea 
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greater in patients with congestive failure than in normal individuals 
In our patients the average increase in vital capacity in the sitting as 
compared to the horizontal position was 460 cubic centimeters or 
tv^enty-seven per cent of the recumbent value The fraction of the 
vital capacity used per breath is therefore greater in the recumbent 
posture and this is, in large measure, responsible for their distress on 
lying down Changes in vital capacity and lung volume are to be re- 
garded as the most important causes of orthopnea 

These conclusions are in agreement with those of Peabody (1916-17) 
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INTRODUCTION 

The nature and ongin of the unnary proteins m alburrununa has 
been a sub 3 ect of considerable discussion Presumably these proteins 
are blood plasma proteins which have passed through the capillary wall , 
however, there is some evidence that they may have onginated from 
some other source 

The unnary proteins have been compared wnth other body protems 
such as those from blood, liver and kidney by the precipitin reaction 
and by the effect of the protein upon smooth muscle from an animal 
which has been allergically sensitized The biological reactions are 
very valuable for the identification of protems but as was ated by 
Woodman (1) m the case of lactalbumin and serum albumin, the pre 
apitin and anaphalaxis reactions may not alw ays give the true picture 
It IS probably wise before drawing conclusions about the identity of a 
protein to compare the biological reactions with both physical and 
chemical means of identification 

There has been some study of the optical rotations for these proteins 
but the results of different workers have varied considerably due to the 
state of purity of the proteins used Young (2) and Hardy and Gardi- 
ner (3) have shown that variations in the pH at wluch the readings are 
taken cause optical rotation for protein solutions to differ In 1909 
Kossel and Weiss (4) noticed that the optical rotation for protem solu 
bons m dilute alkah at room temperature dimimshed for about two 
weeks and then became constant This phenomenon was called race- 

‘ The contents of this paper were submitted by J W C as a partial ful 
fillment for the degree of Doctor of Philosophy 
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saturation After being allowed to stand, preferably over night, the 
solution was filtered on a pleated filter and the preapitate washed with 
half saturated ammonium sulphate solution The half saturated fil- 
trate was then adjusted to the point of maximum preapitation for the 
albumin, by adding a little more ammomum sulphate and 10 per cent 
acetic acid This pomt was at a pH of about 5 1 After allowing to 
stand for 24 hours the albumin was filtered out on a pleated filter 

From this stage the two fractions were subjected to the same treat- 
ment They were dissolved in distilled water and diluted until the 
solution was less than one per cent 

The proteins were heat coagulated and the pH adjusted to the point 
of maximum preapitabon hy adding 10 per cent acetic aad The solu- 
tion was allowed to stand until the precipitate settled and the super- 
natant liquid siphoned off Hot distilled water was then added until 
the original volume was reached and as soon as the precipitate settled 
this liquid was removed by siphoning This process was repeated 
until no test could be obtained for sulphate, with banum chlonde, or 
for ammomum with Nessler s reagent- This usually required 7 or 8 
changes when large beakers were used In the abo\e procedure it was 
necessary to keep the supernatant liquid at the isoelectnc pomt of the 
protein As the ammonium sulphate was removed there was a ten- 
dency for the liquid m which the protem was suspended to become 
aad To prevent this a burner w as placed under the beaker containing 
the solution, each time when a new portion of hot water ivas added 
If the solution was turbid a drop or two of dilute sodium hydroxide 
was added 

The protein w as next transferred to a 250 cc centrifuge tube and 
centrifuged to remove as much water as possible It was then treated, 
without remoi al from the tube by boiling with 95 per cent alcohol 
three times absolute alcohol once, absolute alcohol ether mixture once 
and with ether tmce, the liquid being centnfuged off each time, while 
It was still hot m the case of the alcohol This gave a fine w hite powder 
w hich apjieared to be lipid free 

MFTUOD OP RACIQIIZATION 

Woodman used one gram of protem for an analysis but in the present 
w ork the procedure w as modified so only 0 2 gram of protem was used 
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mization Certain of the amino acids obtained from these racemized 
proteins by acid hydrolysis were found to be optically inactive v hereas 
if obtained before racemization they were optically active Dakin (5) 
ascribed this change to a keto-enol tautomerism of the = CH— CO— 
groups in the protein molecule Thus ammo acids with free COOH 
groups remain optically active during racemization w'hile those in a 
peptide linkage become optically inactive By studying tlie optical 
rotations of the ammo acids isolated from the protein before and after 
racemization he w-^as able to learn something as to their position in the 
protein molecule as well as to the quantity of each acid present This 
IS valuable as two proteins may contain identical quantities of the 
various ammo acids and still be different This method w'as ver>f long 
and tedious 

Woodman (1) noticed that the optical rotation of the protein during 
racemization under constant conditions, if plotted against time, gave a 
definite curve He studied the racemization curves of a number of 
proteins in N/4 and N/2 alkali at 37° C and concluded that each protein 
has a charactenstic racemization curve when obtained under the same 
conditions He also showed that heat coagulation or different means 
of isolating the protein did not effect the curve 

It therefore appeared that to study the identity of the urinary, edema 
fluid and blood plasma proteins by this method wmuld be of value 

Precipitation and purification of the proteins 

In this wmrk the proteins were obtained from blood plasma, edema 
fluids and nephritic urines The pH at which the preapitaPon is car- 
ried out affects the fractionation of the proteins, therefore, the urine 
w^as adjusted to the same pH as that of the plasma and edema fluids, 

7 4, before precipitation The blood plasma and edema fluids which 
w^ere rich m protein w^ere diluted 1 5 A volume of saturated am- 

monium sulphate equal to one half of that of the protein solution w'as 
added with stirring This produced one-third saturation ivhich pre- 
cipitated the fibnnogen and euglobulm The solution was allowed to 
stand a few' hours and filtered In cases of nephntis this fraction was 
so small it W'as discarded 

To the above filtrate, one-third of its volume of saturated am- 
monium sulphate solution w'as added, thus bringing it to one-half 
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Lactalbumin, v hich is probably closely related to serum albumin, 
gives a curve, which could not be mistaken for the serum albumin 
curve, as is shown by Woodman (1) At the beginning of the racemiza 
tion penod in N/4 alkali its optical rotation is 17° higher than that of 
serum albumin and at the end of the penod it is still 3 high (In 
aqueous solution lactalbumm has less optical rotation than serutn al- 
bumin ) These two proteins have also been shown to be different by 
Hartley (6) and Crowther and Raistnck (7) using the Van Slyke nitro 
gen distnbution method 
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Chart 1 Racejuzatiok Curves of Serum Pseudoglobulin and Serum 
Albumin in 0 5 N NaOH 

With the techmque used in this work if two proteins are identical 
the curves plotted from the data of either will be the same and no 
single readmg should be over 2° from this curve Very few readings 
will be over 1° from the curve 

EVFERLMENTAL 

The proteins used m this expenment were obtained from the follow- 
ing cases 

Case I ] D , numberC1128 agel9 diagnosed as chronic diffuse glomer- 
ular nephnOs A specimen of unne wa* obtained 

Case // F H number C3568 age 41 diagnosed as diffuse nephritis, 
diabetes meflitus and arteriosclerotic gangrene A specimen of urine was 
obtained The albumin globulin ratio of the blood vras 1 1 


860 


RACEIUZATION CXJR^^;S FOR PROTEINS 


This did not affect the accuracy and the reading was simplified as the 
solution remained during racemization in the polanscope tube instead 
of a flask from which samples had to be taken for each reading The 
protein, in a weighing bottle, was placed m a dessicator over calcium 
chlonde for several days before the sample was weighed out The 0 2 
gram sample was placed in a 10 cc volumetric flask and 4 cc of 
carbon-dio\ide-free water added The flask was shaken until the pro- 
tein was completely wet and dispersed into fine particles While 
shaking the flask, 5 cc of normal carbon dioxide-free sodium hydroxide 
was added The contents were diluted almost to volume and placed in 
an incubator at 38° C Under these conditions solution was complete 
in 10 to 20 minutes and the volume was made up to 10 cc thus giving 
a 2 per cent protem solution in 0 5 normal alkali Heat coagulated 
proteins from which the lipids had not been thoroughly extracted gave 
a turbid solution with alkali and could not be used The solution was 
filtered into a 5 cm , jacketed T polanscope tube where it remained in 
an mcubator throughout the racemization penod Optical rotation 
readings were taken every few hours at first and later only every 24 
hours in a Schmidt and Haentsch polarimeter with an electnc bulb and 
chromate filter (10 per cent potassium chromate solution, 30 mm thick- 
ness) as a source of light 

The experimental error m reading this type of polarimeter using 5 
cm tubes with protein solutions is about 0 01° after one’s eye has be- 
come accustomed to reading An average of several readings gave the 
final result However there are times when one’s eye is less sensitive 
and a single reading may vary as much as 0 02° In this work 0 01 
reading on the polanscope was equivalent to 1° speafic rotation 

In this method of identification of a protem one is not interested so 
much m a single reading as in the type of curve given by all the read- 
ings There is only a few degrees difference in the specific optical rota- 
tions of serum albumin and serum globulin The curves start at 67 
and 72° respectively and at 6 hours the readings are both the same, 59 
However the pseudoglobulm continues to drop more rapidly, its reading 
remaining 2° or 3° below those of the albumin until 55 hours at which 
time the curves again cross each other, the albumin readings after this 
bemg less than those of the pseudoglobulm The curves thus given, 
though never more than a feii degrees apart, are easily distinguished 
(see Chart 1) 
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from the blood of V P , a nephritic, gave the same curve (Chart 6) as 
that given by normal serum pseudoglobuhn, thus indicating that the 
blood proteins of nephntics are normal 
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Chart 2 Racehization Curves of Urine Albuaiins in 0 5 N NaOH 



Chart 3 Raceuization Curves of Albumins in 0 S N NnOH 


The pseudoglobuhns obtained from the asatic fluid of Er (Chart 6) 
and from the chest fluid of Nu (Chart 7) gave data for which the 
greatest vanation from the curve for serum pseudoglobuhn was two 
degrees, thus being within the limits of the expenmental error present 
56 
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Case III R S , number D4616, age 32, diagnosed as subacute mi\cd 
nephntis Specimens of unne and chest fluid were obtained The blood 
protein ratio was 2 5 parts of globulin to 1 part albumin 

Case IV E Nu , number C2521, age 32, diagnosed as tuberculosis of the 
lungs A speamen of chest fluid was obtained 

Case V A Er , number E339, age 58, diagnosed as portal cirrhosis \ 
specimen of ascitic fluid w'as obtained 

Case VI V P , number A4452, age 15, diagnosed as acute nephritis 
Specimens of blood and urine were obtained Globulin was slightlj in ex- 
cess of the albumin in the blood proteins 

The normal blood sample w'as obtained by pooling blood from four con- 
1 alescent patients w'ho had been in the hospital for peptic ulcer, heart failure, 
tuberculosis and a psychopathic condition respectively 

Compansoii of the proteins by racemization 
Two senes of readings were taken upon the racemization of both the 
serum pseudoglobuhn and the serum albumin These are given in 
Chart 1 Racemizations for each protein were made in duplicate ex- 
cept for the chest fluid albumin of R S of which there was enough 
material for one determination only Three sets of readings w'ere taken 
on the urine albumin of J D as the second set, due to an error, gave a 
curve about two degrees lorver than the other two curves The nephri- 
tic blood from V P rvas not entirely lipid free This delayed the 
solution of the protein and the filtration so that the first reading w'hich 
was not obtained until six hours later, was 5° low'er than that of normal 
serum albumin The presence of lipids in proteins lowers the optical 
rotation This solution remained turbid throughout the period making 
reading difficult and inaccurate Therefore this data w'as disregarded 
in drawing conclusions 

The racemization curves of the unne albumin from R S , F H , 
J D , and V P (Charts 2 and 3) are similar to the cuiw^es given by 
serum albumin The data obtained from the chest fluid albumin of 
R S and Nu (Chart 4) and from the ascitic fluid of Er (Chart 3) 
xvhen plotted give curves similar to that of serum albumin It appears 
from these data that the albumins from these various sources are serum 
albumin 

The pseudoglobulins obtained from the unne of the above patients, 
when racemized, gave data and curves (Charts 5 and 6) which are 
similar to those given by the serum pseudoglobuhn Pseudoglobuhn 
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from the blood of V P , a nephnbc, gave the same curve (Chart 6) as 
that given by normal serum pseudoglobuhn, thus indicating that the 
blood proteins of nephntics are normal 



Chart 2 Racemization Curves of Urine Albuiiins in 0 5 N NaOH 



The pseudoglobulins obtained from the asatic fluid of Er (Chart 6) 
and from the chest fluid of Nu (Chart 7) gave data for which the 
greatest variation from the curve for serum pseudoglobuhn was two 
degrees, thus being within the limits of the expenmental error present 
56 
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in reading the polariscope However if one analyses these data closely 
it will be noted that the curv^es plotted from them are not exactly iden- 
tical with that of serum pseudoglobuhn The curves given by these 



Chart 4 Racemization Curves or Edema Fluid Albumins in 0 5 N 

NaOH 



Chart 5 Racemization Curves or Urine Pseudoglobulins in 0 S N 

NaOH 


t^^ o proteins are slightly above the normal curve at 25 to 45 hours and 
below it in the later part of the penod For this reason one might con- 
clude that these proteins were not identical ivith the serum protein 
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OB ever these curv'es suggest the possibility that serum albumin was 
resent as an impunty and tlie authors feel that this was the case. 
racUonabon of proteins is earned out best when the solution contains 
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:hart 6 Racemization Curves os PsEunoctonutiNs in 0 5 N NaOH 



..HART 7 Racemization Curve of Bdeua Fluid Pseudolgobulin in 
0 5 N NaOH 

about 1 5 per cent of protein In these two instances, as was shown bj 
the amount of protem obtamed, the duids were not diluted sufficiently 
before fracbonabon Kauder (8) and Gibson and Banzhof (9) found 
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in reading the polanscope Ho\\ e\ er if one anah ses these data closeK 
it M ill be noted that the curv'es plotted from them are not exacth iden- 
tical t\ith that of serum pseudoglobulin The curxes gixen bv these 
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The significance of the protein of the blood as a controlling factor m 
the distnbution of fluids between plasma and tissues was first recog- 
nized by Starling (1) who postulated the existence of an equilibnum 
between capillary blood pressure, which tends to force blood fluids into 
tlie Pssues and colloid osmotic pressure, which tends to draw fluid 
from the tissue spaces into the blood stream Within the last few 
years the accumulation of expenmental data has emphasized the im 
portance of this equihbnum and produced erndence to support the 
view that a disturbance of this balance may be the direct cause of 
several different types of edema In 1928 Leiter (2) reported experi- 
ments in which edema was produced m dogs bj repeated blood-letting 
followed by centnfugation of the removed blood, separation of the 
plasma and reinjection of the corpuscles in Locke’s solubon Similar 
expenments have been made by Barker and Kirk (3) It has also been 
shown by Denton and Kohman (4) and Maver (5) and Kohman (6) 
and confirmed by Fnsch Mendel and Peters (7), that young rats fed on 
diets composed chiefly of carrots in many instances gradually develop 
edema This diet is deficient m protein, but othenvise normal In 
both types of expenments, i e , plasmapheresis in dogs (2, 3) and low 
protem diets m rats (7) , the appearance of edema has been regularly as- 
sociated with a reduction of the blood protein Barker and Kirk 
stated that the determining factor was the level of the serum albumin 
In their dogs edema appeared when the albumin fraction had fallen to 
about 1 gram per 100 cc. and increased rapidly as the fall continued 
until, with a reading of 0 6 gram per 100 cc asates, pleural effusion, 
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edema of the legs, prepuce and scrotum uere alwajs found Because 
the globulin fraction ah\a>s increased as the albumin fell the} found it 
impossible to foretell the time of appearance and amount of edema b\ 
the total protein level 

Investigations such as these ha\e ser\ ed temporarily to direct atten- 
tion away from the kidney and toward the plasma protein as the factor 
most intimately associated with the causation of nephritic edema 
Moore and Van Slyke (8) ha\ e found w itli nephritic patients that w hen 
the total protein of the blood falls below 5 5 ± 0 3 gram per 100 cc , 
or that when the plasma albumin falls below 2 5 ± 0 2 gram per 100 
cc , edema is usually present In a series of patients with nephrosis 
Barker and Kirk (3) obsen^ed the first appearance of edema w hen the 
serum albumin had been low’ered to 1 gram per 100 cc and stated that 
a decrease to 0 5 gram per 100 cc w^as always assoaated wnth marked 
generalized anasarca, ascites and pleural effusion Of e\en greater 
interest from the standpoint of the causes of edema is the group of 
patients w'ho develop edema in the absence of any evidence of renal or 
cardiac disease This type of edema has been known from ancient 
times, but w'as extremely prevalent just after the wmrld w'ar in Central 
Europe w^here the people w ere forced to subsist on vegetable diets for 
long penods of time Maver (5) gives an interesting account of early 
references to this type of edema, an excellent review of obseiwations 
made when it w^as prevalent in Europe has been published by Burger 
(9) The malady has been descnbed under a vanety of names — 
edema disease, nutntional edema, epidemic dropsy, camp edema, war 
edema, pnson edema, etc Schittenhelm and Schlecht (10) deaded 
that rest and increased amounts of protein and fat in the diet were the 
important factors in rehenng edema From refractometer observa- 
tions tliey calculated that the protein of the blood was usually reduced 
to between 4 and 6 grams per 100 cc Jansen’s (11) studies indicated 
that these patients w'ere often in a condition of negative nitrogen 
balance It seems high!}" probable that the edema which occurs in 
chronic wasting illnesses or as a sjmptom in other dietary diseases is 
regularly associated with low protein in the blood Landis and Leo- 
pold (12), in a patient w ith inanition edema due to dietary restriction 
combined with tuberculous ententis, found, at the first observation, a 
serum protein of only 3 6 grams per 100 cc Wolferth (13) has given 
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the clinical records of two men with fecal fistulae who presented emacia- 
tion and edema m association wnth chronic alimentary' disease. In 
these cases the protems of the blood were 3 3 per cent and 4 6 per cent, 
respectiiely Bruckman and Peters (14) reported that the edema of 
malnutnbon appears to be referable to serum albumin deficiency, that 
It almost always develops when the serum albumin falls below 3 per 
cent and that it is seldom found when the albumin exceeds 4 per cent. 
Marriott (15) stated that the edema frequently present m celiac disease 
appears to be dependent upon a low concentration of protein in the 
blood plasma One of us (16) has already given reasons for beheving 
that the edema sometimes found in assoaation wath keratomalacia is 
not due to a lack of \atamm A We hold an analagous belief as r^^ards 
the edema of beriben, a belief which finds support m an experiment of 
Harden and Zilva (17) They obsen ed the development of edema m a 
monkey w hich was kept on a diet of 250 to 300 grams of polished nee 
daily in spite of the adimnistration of enough y east to furnish an ade- 
quate amount of \ataimn B In one patient with an edematous tyqie of 
scuivy w e hai e obseiwed a reduction in the serum protein Recently 
Peters and his co-workers (18) hat'e been emphasizing the relation be 
tween malnutntion and serum albumin defiaency and have given evi- 
dence to support their behef that malnutrition or protein starvation is 
the direct cause of the protem defiaency The assoaation of low 
serum albumm with edema as a result of low protem in the diet has also 
been observed by one of us m cases of undernutntion (19) 

The observations ated abov e all tend to emphasize the importance 
of a normal balance between capillary blood pressure and plasma col- 
loidal osmotic pressure m raaintammg the usual distribution of fluid 
between blood and tissues. It is evident, however that other import- 
ant factors must be concerned Krogh (20) has stated that “ the e.xu- 
dation and eventual reabsorption of fluid m the intercellular spares will 
depend upon the capillarv blood pressure, the permeability of the 
capillary wall the effiaency of the Kmph flow, and the metabohe 
activity of the tissue cells. Schade and Qaussen (21) have added to 
these factors by pointmg out the importance of mechanical pressure in 
the tissues Certam tissues, as those under the eyes, because of their 
inherent softness, are particularlv prone to edema even when not ex- 
posed to the aggravatmg effect of hydrostaUc pressure. Moreover 
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after edema has de\ eloped, back-pressure from the distended parts 
tends to establish some degree of equilibrium so that unlimited pas^age 
of fluid into the tissues does not occur Clinical e\ idencc of the prob- 
able existence of still other factors of importance is not infrequentb 
encountered The aggravating effect of muscular exercise on the 
edema of malnutntion has been noted by Burger (9) The sudden 
occurrence of diuresis with fever in chronic tubular nephritis is familiar 
to many clinicians as also is the fact that other patients maj exhibit 
steadily progressing edema in spite of the presence of fe^er In other 
cases the reason for the sudden change may be utterly obscure 
Linder, Lundsgaard and Van Slyke (22) have cited the case of a patient 
who, “after a prolonged acute nephritis with obstinate edema, began to 
excrete fluids wnth such rapidity that he lost in about ten days one- 
third of his body w'eight There w'as no change m either plasma pro- 
teins or arterial blood pressure The plasma proteins w ere extremely 
low and did not begin to regenerate until after the edema disappeared ” 
The effect of sodium chloride in aggravating the edema of nephritis 
IS w’ell knowm Moore and Van Slyke (8) point to their expenence 
with one patient in w'hom the plasma albumin was just below' the criti- 
cal level Edema disappeared soon after admission, reappeared when 
salt was added to the diet and disappeared again as soon as salt was 
once more restricted The effect on w'ater retention of the administra- 
tion of sodium bicarbonate has also occasioned much comment, par- 
ticularly in patients w'lth diabetes, in w'hom the combined therapeutic 
attempts to control sugar metabolism by dietarj' restriction and to 
combat acidosis by admimstenng sodium bicarbonate frequently led to 
the development of edema Because, in patients thus treated, edema 
did not m^a^ably occur, Joslin and Goodall (23) concluded that some 
factor other than the sodium bicarbonate must be responsible for the 
edema They did not attempt, however, to correlate their results 
with plasma protein determinations That such a correlation would 
ha\ e aided in clarifying their results is suggested by the w ork of Peters, 
Bulger and Eisenman (24) who have shown that the plasma proteins 
are usualh reduced m severe diabetes associated w'lth chronic malnutri- 
tion, and the obserxation b\ Bruckman and Peters (14) of a definite 
relation between the edema of malnutrition and low serum albumin 
An analagous increase in the edema of nephritis has been obsen. ed by 
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von Wyss (25) Falta and Quittner (26) have published the results 
of parallel observations on diabetic patients and on patients suffering 
from war edema In both instances the combined administration of 
sodium chlonde and sodium bicarbonate led to a striking aggravation 
of the edematous state In addition to the effect ]ust mentioned other 
observers have shown that the action of potassium salts may be the 
reverse of that of sodium salts and lead to elimination rather than ac- 
cumulation of edematous fluid With edema in diabetes this has been 
reported by Falta (27) and Boenheim (28) and with edema in nephntis 
by Blum (29) and by Kempmann and Menschel (30) In addition to 
studies of sodium and potassium much has been wntten of the specific 
action of the bivalent calaum ion in various types of edema To re 
vieu these studies would lead us astray, but we may note that Maase 
and Zondek (31) as well as E Schultz (32) observed that acute war 
edema was influenced favorably by the administration of this salt. 

Obscrvat\(yiis on serittu proleins in wUnhoml edema 
In China an unusual opportunity has existed for observing patients 
with edema pnmanly of dietary origin Dietaries published by H Wu 
and D Y Wu (33) have shown that the bulk of protein and energy m 
the diet of the peasant and labounng classes in China is of vegetable 
origin being furnished chiefly by the cereal grains wheat, nee, com, and 
millet Such a diet contains less than the optimum amount of protem, 
relatively small amounts of fat, calcium and phosphorus, and is often 
defiaent in tntamins A and D, and soraePmes in vitamin B Edema of 
the type under discussion occurs somehmes alone, somebmes m asso- 
ciahon with other deficiency diseases and often as a symptom in other 
illnesses particularly chronic dysentery In common with other ob- 
servers we have found the blood proteins regularly reduced m such con 
dibons In Chart I are shown the results of fifty four determinabons 
of the blood proteins ‘ m eighteen patients who at the Ume of hospital 
admission e-xhibited edema without evidences of cardiac or renal dis- 
ease Most of them were admitted with other complaints, but in all 
we felt that a restneted diet was the chief cause of the edema A 
number suffered from chronic dysentery, several from various forms of 

‘ The serum proteins were detcmimed by Howe s method 0 Biol Chem 
1921, xhx, 109) 



S74 


-NUTRITION \L CDCMA 


tuberculosis, and m se\eral the edema was associated with other dc- 
ficiencN' diseases (rickets, tetany, keratomalacia, and scurvy) Fue 
patients died before the edema disappeared, four could not be followed 
for various reasons, but on the remaining nine a total of twenU-onc 
examinations of the blood serum for protein content w ere made after 



Chart I Summart of 54 Observations or the Serum Proteins on 18 
Patients waxH Nutritional Edema 
+ indicates estimations made during the stage of edema, o indicates 
estimations made after the disappearance of edema, \ertical lines in the 
middle of each column indicate the range of normal ^a^atlon as given bj 
^^oore and Van Slvke 

subsidence of the edema These data have been arranged graphically 
in Chart I to demonstrate the relation between the serum protein level 
and the presence or absence of edema They may be compared wnth 
figures for normal subjects collected by Moore and Van Slyke (8), 
which are 6 2 to S 0 grams per 100 cc for total plasma protein, 3 6 to 
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5 0 grams per 100 cc. for albumin, and 2 0 to 3 5 grams per 100 cc. 
for globulm It will be seen that edema was never observed when the 
serum albumin was greater than 2 9 grams per 100 cc. and, with one 
exception, was never absent when the albumin was less than 2 5 grams 
per 100 cc. The single patient who maintained a low serum albumin 
of 1 73 grams per 100 cc. after edema had disappeared had a globulin of 
3 71 grams per 100 cc., the total serum protein was, therefore, 5 44 
grams per 100 cc. The possibility of analytical error is not excluded 
The figures for total protein can also be correlated rather closely with 
the presence and absence of edema, the critical level bemg close to 5 0 
grams per 100 cc There are several excepbons on either side of this 
cnbcal level The two instances in which a total serum protein greater 
than 6 0 grams per 100 cc. was assoaated with edema both occurred in 
the same pabent dunng a penod of slightly more than a month when 
edema w as recedmg but had not enbrely disappeared The albumin 
values corresponding to these high total protein figures were 2 33 and 
2 75 grams per 100 cc and thus were within the zone of possible edema 
On the other hand, it is seen that normal or even increased globulin 
values frequendy occurred in associabon ivith edema and one must 
conclude that this fracbon plays at least only a minor r61e m prevenbng 
the accumulabon of mtersUbal fluid Nevertheless, subnormal globu- 
lin values, that is, values below 2 0 grams per 100 cc , generally oc- 
curred only m edematous patients It is probable that the protan- 
defiaent diet tended to reduce both albumin and globulm fracbons, 
the former more rapidly than the latter, so that by the tune deficient 
globulm was observable it was always assoaated with defiaent albu 
mm Lowered serum globuhn may thus be regarded as an mdicator 
of concomitant albumin defiaency and not as a duect cause of edema 
The extreme variability of the globulin fracbon renders reversal of the 
albumin-globulin rabo a much less constant feature than in nephrosis 
pabents During recovery both protein fracbons mcrease. In the 
mifaal stage while there is stdl a disbnct albumin defiaency, globulm 
rises rapidly, somebmes above the normal limits As the process of 
recovery goes on the albumm continues to nse more slowly, while the 
globulm either sinks or remains constant unbl the normal rabo is re- 
established The imbal changes take place rather rapidly Final ad- 
justment may not occur for several months 
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Obscnatiotis on salt melahohsm 

With most of the patients of this senes the associated illnesses for 
^\hlch hospital care was solicited were too severe to permit extended 
metabolism obsetw'ations To ha\e withheld adequate nourishment 
e\en temporanly might senously ha\e affected the course of their 
diseases Whth tw o patients, how e\ er, w e felt justified in offenng for a 
w hile a diet w hich w as essentially the same as that w hich they had been 
eating for many months previously Whth them w e w ere able to con- 
firm the observations of Falta and Quittner (26) who studied patients 
with war edema and to correlate this effect with the level of serum 
proteins 

Case 1 Y H H , hospital number 277S5 The patient, a boy aged 
11 years, w'as admitted on March 28, 1930 He had recently been 
brought from one of the famine distncts of China to Peiping and placed 
in an orphanage A satisfactory past history could not be elicited ex- 
cept that his condition had failed to improve after arrival in the city 
The low er extremities w'ere sw'ollen and deeply pitting edema could be 
demonstrated over the dorsa of the feet and up the legs as far as the 
knees The upper portion of the body w'as in striking contrast to the 
low er, w here edema masked the true state of nutrition The nbs w ere 
outlined on the thoraac w'all, and the muscles as well as the subcutane- 
ous tissue about the shoulders and upper extremities appeared atro- 
phied Examination of the heart revealed only normal findings and 
repeated unne examinations failed to disclose any evidence of renal 
disease The tendon reflexes w^ere normally elicited At the time of 
admission and periodically throughout his stay m the hospital the 
patient had mild diarrhea B dyscnteriac w'ere recovered from the 
stools which, however, w^ere never clinically dysentenc m character 
Throughout the penod of study the patient had fever, the temperature 
course being hectic and varying between slightly subnormal values and 
38° C At first w e w ere in doubt as to the cause of this fever but later 
unmistakable exndence of tuberculosis of the pentoneum appeared 

The record of our observ ations is shown in Chart II The diet at the 
time of admission as composed of millet, corn, rice, and small amounts 
of green xegetables No attempt was made to make it an adequate 
diet from the xitamin standpoint We endeavored merely to continue 
the foods to which the patient had been accustomed The diet fur- 
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Chart II Case 1 Metabolisii Observations 
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Obscnattous on salt mclahohsm 

\\ ith most of the patients of this senes the associated illnesses for 
which hospital care was solicited were too se\ere to permit extended 
metabolism observations To have withheld adequate nourishment 
e^en temporanly might seriously ha\e affected the course of their 
diseases With two patients, however, we felt justified in offering for a 
w hile a diet w hich w as essentially the same as that w hich they had been 
eating for many months previously Whth them w e w ere able to con- 
firm the observations of Falta and Quittner (26) who studied patients 
with war edema and to correlate this effect with the level of serum 
proteins 

Case 1 Y H H , hospital number 27785 The patient, a boy aged 
11 years, was admitted on March 28, 1930 He had recently been 
brought from one of the famine distncts of China to Peiping and placed 
m an orphanage A satisfactory past history could not be ehated ex- 
cept that his condition had failed to improve after arnval in the city 
The low er extremities w'ere sw'ollen and deeply pitting edema could be 
demonstrated over the dorsa of the feet and up the legs as far as the 
knees The upper portion of the body w'as m striking contrast to the 
low er, w here edema masked the true state of nutrition The ribs w ere 
outlined on the thoraac wall, and the muscles as well as the subcutane- 
ous tissue about the shoulders and upper extremities appeared atro- 
phied Examination of the heart revealed only normal findings and 
repeated unne examinations failed to disclose any evidence of renal 
disease The tendon reflexes w'ere normally ehated At the time of 
admission and penodically throughout his stay in the hospital the 
patient had mild diarrhea B dyscntenac w'ere recovered from the 
stools which, howe^er, were never clinically dysentenc in character 
Throughout the penod of study the patient had fever, the temperature 
course being hectic and \arying betw'een slightly subnormal values and 
38° C At first w e w ere in doubt as to the cause of this fever but later 
unmistakable eMdence of tuberculosis of the pentoneum appeared 

The record of our observations is showm in Chart II The diet at the 
time of admission was composed of millet, com, rice, and small amounts 
of green \ egetables No attempt w as made to make it an adequate 
diet from the ^^tamln standpoint \Ye endeavored merely to continue 
the foods to w hich the patient had been accustomed The diet fur- 
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been so charted Due to refusals, however, which n ere not accurately 
recorded, the actual intake was slightly less than this and calculated 
roughly from the known daily refusals of protein, can be estimated at 
5 2 grams per day Dunng this penod the excretion of sodium chlonde 
vaned between 4 1 2 and 6 82 grams per day and averaged 5 23 grams 
The patient was, therefore, certainly not retaining sodium chlonde, a 
conclusion which is corroborated by a slight steadv decline in body 
weight from 19 4 to 18 5 kgm On Apnl 8 at the termination of the 
ten day initial penod the administration of 7 2 grams of sodium bi- 
carbonate in addition to the 6 grams of sodium chloride was com 
menced ’ Twenty four hours later the patient weighed 18 5 kgm , the 
same as on the pretnous morning Howeter dunng the days that 
followed until the morning of Apnl 15 when the sodium bicarbonate 
w as discontinued the patient s weight increased rapidly, reaching 22 6 
kgm at the end of the penod The total gam dunng these seven days 
was therefore, 4 1 kgm or more than one-fifth of the initial body 
weight Edema had increased tremendously The scrotum was 
markedly swollen pitting to a depth of 3 cm could be produced over 
the sacrum the face was much puffed and the eyes nearly dosed 
Concomitantly with the increase m weight and edema the excretion of 
sodium chlonde in the unne steadily decreased and dunng the last 
three days of the penod was less than 1 gram per day The average 
daily chlonde excretion dunng the seven days of sodium bicarbonate 
administration was 1 SS grams as contrasted with 5 23 grams dunng the 
previous penod The decrease in chlonde excretion was accompanied 
by depression of the volume of unne voided The depression became 
more marked each day and the output reached a low figure of 280 cc. 
on the last day of the penod The fiverage volume of urme dunng the 
period was 1009 cc, daily as contrasted with 1477 cc dunng the previ- 
ous ten days This decrease occurred in spite of a voluntarily in- 
creased fluid intake, which averaged 1706 cc and 2043 cc dunng the 
two respective penods 

' \\ hen the factor of body weight ib taken into account this dosage is seen 
to be dose to the lower limit of that used by other inv esUgators who studied 
adults Thus Kempmann and Menschel (30) gave approximately 23 grams 
per day Boenheim (28) 25 grams per day and Falta (27) as much as 50 
grama per day to a patient whose weight was varying between 52 and 63 
kgm 
57 
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After the administration of sodium bicarbonate was stopped, -odium 
chloride was continued as before until after the morning dose on ‘\pnl 
22 The excretion of chlonde in the unne now increased, a^cragmg 
2 99 grams of sodium chlonde daih , but did not return to the earlier 
lei el of 5 23 grams The retention of salt thus indicated was corrobo- 
rated b\ a continued though slow er gam m w eight, the patient w cighing 
24 0 kgm on the morning of April 22 On April 20 dried skimmed 
milk was added to the diet so as to bnng the dailj protein intake up to 
50 grams but as the effect of this addition w as not immediate and as 
the patient w as exceedingK uncomfortable w e did not feel justified in 
continuing the sodium chlonde for a longer time The effect of omit- 
ting It w as immediate On April 22 only the morning dose of 2 grams 
of sodium chloride was given but during the dav' the patient excreted 
4 95 grams of sodium chlonde From Apnl 24 to 28 the patient w'as 
giv en 4 grams of ammonium chlonde daily This salt had no effect on 
the nsing excretion of chloride which continued until a maximum of 
12 01 grams was reached on Apnl 25 During the entire penod of 
ammonium chloride administration the chloride excretion w'as from 2 
to 2 75 times greater than the intake ‘ As is showm graphically in the 
chart the nsing chloride excretion of this period was accompanied by a 
precipitate decline in body weight which fell from 24 0 kgm on April 
22 to 19 1 kgm on April 29 The degree of edema w as correspondingly 
lessened 

From this time on our observ'ations w'ere directed toward ascertain- 
ing w'hether m the presence of a normal intake of sodium chloride tlie 
remaining edema could be removed by other means The addition of 
fat to the diet on May 2 produced no significant change Plasma 
transfusion on May 9 and blood transfusion on May 12 produced no 
measurable change in the level of blood protein These treatments 

^ •\i, we shall see, when the next case is considered, it is probable that the 
ammonium chlonde had no significant eflect which would not have been ob- 
served It if had been omitted It was given in an attempt to render the 
patient more comfortable as quicklv as possible, the rational being its known 
diuretic action and the possibility that an aad-producing salt might oppose 
the effect of the prevaouslv administered base-producing sodium bicarbonate 
At all ev ents the result stronglv suggests that chlonde giv en m combination 
wTth the ammonium radicle was much more easilv excreted than when 
combined with sodium 
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were, however, followed by a gradual decline in weight, though not to 
the point of the disappearance of edema Inasmuch as the second 
transfusion was followed by a severe febrile reaction this form of 
therapy was not conbnued From April 29 to May IS the chlonde 
excretion varied considerably from day to day, but averaged 5 81 
grams daily as contrasted mth an average intake of 6 06 grams (in- 
cludmg chlonde gii en as ammonium chlonde) 

Case 2 L P C , hospital number 2620S The patient, a boy aged 
9 years, was admitted on November 14, 1929 Like the preceding 
patient he came to us from one of tlie city orphanages The diet had 
been similarly restncted and he spoke feelingly of the inadequate 
quantities served On admission he weighed 14 3 kgm and had edema 
which in degree and distnbubon was similar to that shown by the pre 
vious patient Exammation of the heart revealed only normal find 
mgs The unne at no hme showed albumin and the nonprotein nitro- 
gen of the blood was 22 mgm per 100 cc The tendon reflexes were 
all easily ehated The composition of the diet dunng his stay m the 
hospital 13 indicated m Chart III From November 14 until Novem- 
ber 27 he was given a porridge made from millet and nee with added 
sugar From November 27 unbl December 13 he was allowed a 
general diet containmg liberal quantities of milk and egg This diet 
furnished 71 grams of protein per day On December 13 and 14 an 
attempt was made to return to the diet of admission but the patient com- 
plained so constantly and so persistently that it could not be continued 
From December 20 until the end of the period of observation a liberal 
allowance of protein (egg albumin and dned skimmed milk) was con 
tinued, but the fat was reduced as much as possible and the bulk of 
the energy requirement supplied mth carbohjdrate 
The total serum protein at the time of admission was 3 98 grams per 
100 cc , the partition being albumin 1 84 grams and globulm 2 14 
grams On November 23 after some days on the protein madequate 
diet, the total serum protem was 3 83 grams per 100 cc , with 1 29 
grams of albumin and 2 54 grams of globulin Following an adequate 
diet the return of the blood protein to a normal level was extraordm 
arily rapid An analysis done on December 5, the ninth day of this 
penod, showed a total serum protein of 6 93 grams per 100 cc. of which 
3 08 grams w ere albumin and 3 85 grams were globulin As the figure 
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for total protein Mas non normal further estimations were not made 
until a final analysis on Februarv 14 showed a total serum protein of 
7 33 grams per 100 cc., the partition being albumin 3 71 grams and 
globulin 3 62 grams 

With this patient, then it w as possible to observe the response to the 
administration of sodium bicarbonate and sodium chlonde both dunng 
the penod of deficient plasma protein and again after the protein had 
been restored to normal The response whde the protein was still low 
was quite analogous to that observed with the previous patient The 
combined administration of these salts produced an immediate fall in 
the chlonde excretion and a rapid increase in body weight and in degree 
of edema This accumulation of edema fluid in the tissues did not 
stop with the discontinuance of bicarbonate, although the daily weight 
increments were considerably lessened and a daily increasing excretion 
of chlonde indicated gradual readjustment of the salt metabolism A 
smgle dose of 2 grams of ammonium chlonde given on November 26 
could has e had no significant effect On the morning of November 27 , 
m order to relieve the patient's extreme discomfort as rapidly as pos- 
sible, he was given a liberal diet from which all added sodium chlonde 
was omitted The narrow black band on the chart representing a daily 
intake of 1 45 grams sodium chlonde dunng the penod from November 
27 to December 2 inclusive indicates the chlonde naturally present m 
the diet without the addition of salt. These changes were followed by 
immediate diuresis, marked increase in the excretion of sodium chlonde, 
rapid decline in body weight and disappearance of edema As with 
the previous patient, the greatest excretion of chlonde occurred after 
chlonde had been removed from the diet 
On the morning of December 3 sodium chlonde, 7 S grams dailv, w as 
again added to the diet The chlonde excretion immediately rose to 
correspond with this intake As previously stated, an analysis of the 
blood on December S revealed that the total serum protein had already 
returned to normal and the albumin fraction had risen to 3 08 grams per 
100 cc. The patient had commenced to gam weight slowly without the 
teappearance of edema On December 7 the daily administration of 
4 8 grams sodium bicarbonate w as again started This time there was 
no response by the producUon of edema, there was no increase m the 
daily increments of gam m weight and the chlonde excretion was not 



8S4 


NLTRITIOWL EORM \ 


depressed On December 13 amUi the thought that the high fat and 
relatneK lou carboh} drate proMded b\ the diet might concen abb be 
a significant factor, the patient i\as returned to the diet of admission 
Unfortunately he could be persuaded to eat this diet for t\\ o da\ onh 
and this phase of the experiment could not be continued The first 
day on this diet produced a sudden drop in the chloride excretion to 
2 99 grams, but dunng the second da\ the pre\ lous excretion of shghtl\ 
more than 8 grams Mas reattained The following two da>s after re 
turn to the high fat diet disclosed a negatn e chloride balance in compen- 
sation for the short penod of retention 

On December 18 the administration of sodium bicarbonate was dis- 
continued and on December 20 the diet modified so that, although it 
still furnished adequate protein, the fat w'as reduced as low' as possible 
(3 75 grams per day) and the bulk of the energx' supplied by carboh> - 
drate (283 grams per day) This diet was taken w'lliingly by the pa- 
tient Sodium bicarbonate w'as again started on December 25 and con- 
tinued through December 31 No significant gain in w'eight occurred 
and edema did not develop Dunng the five days on this diet before 
bicarbonate was given the chlonde output averaged 7 38 grams daily 
during the seven days of bicarbonate administration it averaged 7 64 
grams 

COMilENT 

In the present stage of our knowledge it w ould be unw ise to attempt 
an exact explanation of the factors involved in disturbing the water 
balance in these patients The relation betiieen plasma protein and 
fluid distnbution in the body has been discussed already , but the 
problem presented by the alteration m response to inorganic salts 
w ould seem to be more complicated To conclude that the combina- 
tion of sodium chloride and sodium bicarbonate is more able to cause 
water retention than sodium chloride alone is not justified, although 
w e are not sure that this is not the case It is quite possible that, if we 

•'We are unable to explain this temporaiy depression of the chlonde excre- 
tion occa'^ioned b> the dietarv shift but maj note that such temporary de- 
pressions are not infrequent when a diet high in carbohydrate is substituted 
for one high in fat W ith our patient it would appear that, after a temporary 
imbalance, the salt metabolism was able to readjust itself and would ha\c 
remained normal subsequently eien if it had been possible to continue the 
diet Such an assumption finds support in the subsequent observations 
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had increased the dose of sodium clilonde so much tliat the total sodium 
intake equalled that of the two salts together, the effect would have 
been the same However, such a large proportion of sodium chlonde 
w ould have rendered the diet not palatable and it proved more practi 
cable to utilize the mixture The trend of present day opinion as ex- 
pressed in the literature is to regard the cation sodium as a more im- 
portant factor in the causabon of edema than the anion chlonde Our 
data accord mth this point of view It is concen'able that an increase 
in tho intake of sodium beyond the amount which can be excreted 
leads to retention, which in turn, and in order that the normal composi- 
tion of the body fluid may be maintained is accompanied b> retention 
of both chlonde and water Moreover, whate\ er the mechanism which 
produces this effect, it would appear to bear a close relation to the se 
rum protein level It is, therefore, tentatively suggested that the 
threshold for the excretion of sodium may be controlled by the le\ el of 
serum protein Use of the word “renal threshold ’ is purposely 
avoided as there is no evidence to support the view that damaged renal 
function IS concerned with the effects observed We are also aware 
that tlie impo\ enshed nutnbonal state which seems always to accom- 
pany marked depletion of the serum protein may in itself be concerned 
w ith the alterations observable m the w ater balance With our second 
patient however, in whom the administration of an adequate diet 
produced prompt regeneration of the serum proteins, but only relatively 
slow improvement m nutrition, an intermediate stage existed when the 
serum proteins were normal and malnutnbon was still extreme. The 
fact that dunng this period the characteristic salt effect was not ob- 
served, argues against a direct relation between malnutntion and the 
salt effect and suggests a closer relation to the level of serum protein 

SUMMARV 

1 The relation of serum protein defiaency to various types of edema, 
both expenraental and clinical, is discussed Attention is also called to 
other factors and in particular to the r61e of several inorganic salts in 
modifying the effect of protein defiaency alone 

2 In a senes of patients suffermg from nutritional edema, who were 
studied both dunng the active and convalescent stages, it was found 
that when the level of serum albumin was greater than 2 9 grams per 
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100 cc edema \\a<= ne\er obeen.ed and that when the lt\cl fell below 
2 5 grams per 100 cc edema was in\anabl> present The correlation 
with total serum protein although not so close was suflicient to indicate 
a critical le\ el for edema close to 5 0 grams per 100 cc Scrum globulin 
was exceedmgK Aariable decreased, normal and increased ^ allies all 
were found m association with edema Decreased globulin generalK 
occurred onl\ when the albumin was also decreased and thus was 
usually present in association with edema No relation of cause and 
effect was considered, howe\er, to exist between lowered globulin and 
edema 

3 The results of metabolism obserx’^ations on tw'o of these patients 
are given In both cases the combined administration of sodium 
chlonde and sodium bicarbonate led to rapid gam in weight, marked 
increase in edema and depression of chloride excretion in the urine 
In one of the patients these effects could not be reproduced after feeding 
of an adequate diet had resulted in a return to norma! of the serum 
protein 

4 The impossibility of offenng an exact explanation of all the effects 
obser\fed is pointed out, although it is stated that the results are in 
harmony w ith the view that the cation sodium is more intimateK rela- 
ted to the causation of edema than the anion chlonde 
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The clmical recognition of heart failure rests chiefly upon the Bi'mp 
toms produced by inadequate arculation resulting from myocardial 
eYhaustion Organic lesions, such as defects of valves, damage to tlie 
conducting system, and generalized artenosclerosis, are no longer 
looked upon as signs of cardiac insufficiency, although they un- 
doubtedly handicap the heart in performing its function With the 
exception of auncular fibrillation and heart block as shown in objective 
records there is no physical or instrumental sign that is pathognomonic 
of heart failure Moreover the phy'sical signs which taken together 
a ith the history lead to this diagnosis must be considered to represent 
a relatively late stage m the process From the point of view of treat- 
ment It IB particularly desirable to detect the early stages An at- 
tempt was therefore made to seek direct evidence of cardiac failure in 
demonstrable changes m cardiac dynamics Considering the means at 
hand it was deaded to investigate the "Q-T ' interval of the electro- 
cardiogram m patients presenting the clinical symptoms and signs of 
myocardial insuffiaency 

The question of the significance of the "Q-T" interval will be bnefly 
discussed later In any case it is clear that the phenomenon may 
possess a pathological interest of its own, independent of other con- 
siderations 

The measurements were made under the conditions described in the 
previous paper (1), except that for patients with severe heart failure 
records were made with the patient sitting or half reclining No rec 
Olds were taken soon after exertion or exerase and patients were al- 
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w a\ s kept at rest m the sitting or 1% mg position for at least fn c minutes 
before the record ^\as made No patient known or suspected to ha\e 
taken digitalis or anv other drug having a know n cardiac action is dealt 
with in this studj 

The results of a preliminary' ln^ estigation of indniduals without 
heart failure have been previously published (1) A high degree of 
correlation between ”Q~T" mteiw'al and “R-R” internal was found, 
as might be expected (see Table 4) The simple formula “Q~T” 
= K^"R-R” has been used, in which the “Q-T” and “R-R” inter- 
vals are expressed in seconds and “K” is a constant This formula 
expresses fairly well the normal relationship for ordinary cardiac rates 
It has, how ever, many limitations and is used onlj' for its convenience 
The relations of the results do not depend upon its exact form 

The arithmetical mean is calculated in the usual w'ay, the stand- 


ard deviation by the formula, S D 



The formula used for 


the standard error is, S E = 


SD 

Viv 


The error of differences is 


-T E-- The correlation coefficient is calculated by the 


formula ■ 




and its probable error by 0 6745 


1 - r- 


A(crl)(cr2) " ^IN 

The normal results are best stated and dealt with in terms of the 
constant “K ” B)' this means the relation of the “Q-T ” intcn al to 

tlie cycle length is concisely given since K = “Q-T” — V‘‘E-E” In 
the pre\nous study the results were fairly consistent, giving a value of 
“K” for normal Chinese males in the lying position of 0 374 ± 0012 
and for females 0 388 ± 0 0021 For the present study a few normal 
male and female subjects have been added, making a total control 
senes of 116 males and 117 females The constant “K” remains the 
same in both but the standard error m females is reduced to 0 0015 
Table 1 gives measurements m a normal individual during a 24-hour 
period, the vanations are relatively slight 

For this study 121 male and 100 female patients w'lth congestive 
heart failure w ere available The data are given in Tables 7 and 8 
The “Q-T” and “R-R” intervals for these patients and for the 116 
normal male and 117 normal female subjects are charted in Figures 1 
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TABLE 1 


EUctrocardtotraphic meaturemetUs of a normal indpHdtml (melt), dunng a 
24-hour ptriod 


Tttne 

Interval 

Interval 

"R * 


utondi 

ut^mds 


9^0 a 111 

0 925 

0^50 

0 364 

10 JO a m 

0 900 

0J5B 

OJ77 

1 1 JO** a m 

0 905 

0 355 

0J73 

12 JO pjn 

1015 

0J60 

0 358 

2i)0pro 

0 895 

0 360 

0J80 

SKW p m 

0 840 

0^35 

0J65 

400 p m 

0 880 

0 340 

OJ62 

SiiO^p m 


0^60 

OJ78 

9*00 a,m 

0 905 

0J5S 

0J73 


* *K '=> “Q-T interval ■'/ R~R mtcrval 


TABLE 2 


Meatitremenls of exampUs of records of normal tndwtduals and of paltenis sotih heart 
failure, (all males) (See Ftg 3) 


Record 

Dbsootla 

Degree of ] 
1 Wrt • 

■ ■■ i 

R-R 1 

lAteml 

Ifiterral ^ 

R t 




uoonds 

uxKmds 1 


A 

Normal 

0 

0 585 

0 284 

0471 

B 

Mitral disease 

in 

0 582 

0A55 

0 465 

C 

Normal 

■■ 

0660 

OJ09 


D 

Artenosderosjs 

Hypertension 

■ 

0 680 

0A5S 


E 

Normal 

■■ 

0J79 

0 283 

0 372 

F 

Mitral disease 

■1 

0^70 

0 350 

0464 

G 

Normal 

1 0 

0 620 

0^92 

0471 

H 

Syphilitic 

Ilb 

0 640 

0 415 

0414 

I 

Normal 

0 

0 856 

0446 

0474 

J 

Hypcrtensioa 

Artenosderods 

ni 

0850 

0 450 

0489 


* Degree of heart failure is gt\ en according to the " Cntena for the Classi 
fication and Diagnosis of Heart Disease, 2nd ed , of the New York Tuber 
culosis and Health Association 


t " K" == ‘*Q-T ' interval ‘4^R--R interval 
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Fig 1 Distribution OF AND Intervals IN THE Elec- 

TROCARDIOGRAIIS OF 116 ISORMAL MaLES AND 121 MaLES VTTII HeART 
Failure 

Central curve is average value (0 374) of "K” (“Q-T" interval 
interval) for normal males, upper and lower curves are this value 
plus and minus two standard deviations Sec Tables 6 and 7 
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and 2 With feu exceptions the \^lue of "iC’ is large in the patients ^ 
that IS to say, the "Q-T” interval is prolonged out of proportion to the 
change in the "R-R" interval or cycle length In Figures 1 and 2 the 
tivo groups of subjects are fairly well separated (especially in the case 
of males) Figure 3 and Table 2 illustrate the difference between 
normal individuals and patients with heart failure in atnking instances, 
in which the cardiac rates are approximately the same Table 3 gives 
the measurements over se\ eral months in two untreated patients, show 
mg the persistence of the relative prolongation of the “Q-T" interval 
The results of the statisbcal study of the measurements made are 
given in Tables 4 and 5 The correlation between “Q-T’ interval and 
R-R' interval of patients with heart failure is high, though not so 
marked as m normal individuals The difference between the mean 
values of “K“ for normal individuals and for patients with heart 
failure may be evaluated as follows 

Iftfto iitandard error 

Male patients v,nth failure , 0 432 ± 0 0023 

NormM mole mdrviduala OJ74 d: 0 0012 


Difference 


0 058 ± 0 0026 


Female patients with failure 
Normal female individuals 


0 433 ± 0 0027 
0288 ± 0 0015 


Difference 


0 045 ± 0 0031 


The differences are clearly statistically significant. There are a num 
ber of high values for “K" obtained from the records of women without 
heart failure. The significance of these data cannot be stated at 
present 

The difference which was found betn'een the values for ' K" from 
records of normal men and women is not found between the values for 
male and female patients with heart failure (see Table 5) 

With regard to the effect of the degree of heart failure,’ the data as 

' It has been pointed out that this use of such a constant is not, atnctly 
speaking proper since in patients the original equation can no longer be 
applied 'K is, howeter retained for purposes of evaluation and com 
panson The use of an index of denation from the normal would need 
lessly complicate the computations 

’ Heart failure is classified according to the cntena of the Heart Com 
mittee of the New York Tuberculosis and Health Association (2) 
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R-R 1^^TEFWAL (SECONDS) 

Fig 2 Distribution of " Q-T" and " R-R" Intervals in the Elec- 
trocardiograms OF 117 Norsial Females and 100 Females mith Heart 
Failure 

Central curse is aserage salue (0 388) of "K” {“Q-T" intcrsal 
N R-R" inters al) for normal females, upper and lower curves arc this 
salue plus and minus two standard desiations See Tables 5 and 8 
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TABLE, 3 


Perststcnce of reicitv^y lon^ * Q-T inlervaj for sevtrcl nionihs 


■Record 
numbw ace, 
and MX 

I>ate 

interval 

o-r" 

totenral 

H 

Remark! 



x^candt 

tttondt 



2566 

Nov 25 1929 

0 614 

0345 

0440 

Hypertension Failure Ila 

36 years 

Nov 29 1929 

■iTAlil 

0 340 

0439 


Male 

Dec. 2 1929 

0680 

0346 

0 420 

lr3 gram digitalu m S days 


Dec, 30 1929 

0J75 

0346 

0 456 

No treatment 


Apr 22 1930 

0 575 

0365 

0 4B1 

No treatment 

2662 


0 445 

0 285 

0 427 

Mitral disease Failure Ilb 

11 years 


0.505 

0 330 

0 465 

No treatment Failure III 

Fmale 


0 510 

0 350 

0 490 

No treatment 


* A' => ''Q-'T” interval ^**R~R interval 


TABLE 4 


fvmmary o/<fa/a shawmtcorrtiatuinof 'Q-r' cnd**R-R <n/en?a/j 

tn ncrrrujJ SitijtOs and tn poitenU wih h^rijoilure 


Group 

Nnm 
b«s of 

A-R Intervsl 

O'T* Inurvai 

Corr^don 





d:PE. 



AridL aver ±S.E,| 

SD 

Arith> ow ±S.B 

SD ; 

Males with 


ueondi 

ttcondi 

i 

xtcondi 

stccmJi 


normal hearts 
Males with 

116 

0 836 ± 0120 

m 

0342 db 0023 

0 0251 

0 882 d= 0139 

heart failure 
Females with 

121 1 

0 678 ± 0124 

m 

0 355 ± 0035 

0 0394 

0 815 =fc 0226 

normal hearts 1 
Females with i 

117 

0 772 * 0109 


0339 ± 0024 

0 0262 

t 

0 849 ± 0174 

heart failure j 

100 

0 670 ± 0132 

H 

0 352 ± 0039 

0 0398 

0 814 ± 0227 


Anth aver - anthraetical average SD - atandard deviation SE - stand 
ard error PE— probable error 


summanzed m Table 6 show only very slight differences, but further 
irork m this direction is necessary It is however important to note 
that the relative increase in the * Q-T" interval is well shown in early 
heart failure 
58 
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TAOLB 5 

The atero^e raJjio 0 / 'K Jot iTwJtrtditofx vnih nonnai hearts and for indimdwls 
wtih heart failure 


Group 

Nomber 
of csuei 

K 

Arith. aver ± S.Et 

S.D 

Normal malcfl 

116 

0 374 ± 0012 

0 0129 

Rfates ViHth failure 

12f 

0432 ± 0023 

00214 

Normal femalea 

117 

0JB8 =b 0015 

0 0166 

Females ^ith failure 

100 

0 433 ± 0027 

00273 

Rheumatic with failure 




Alales 

43 

0 424 

1 

Females 

46 

0 424 

1 

Males and female* 

89 

0 424 ± 0018 

0 0174 

Syphilitic with failure 




Male* 

33 

0 436 


Female* 

4 

0 435 


Xlale* and females 

37 

0 436 ± 0033 

0 0204 

Hypertensive with failure 




Males 

32 

0 441 


Female* 

37 

0444 


Males aod female* 

69 

0 443 ± 0076 

0 0314 

Miscellaneou* with failure 




Males 

13 

0 429 


Females 

13 

0 431 


Male* and females | 

26 

1 

0 430 =t 0049 

0 0252 


Anth a\er anthmetical average ‘JC » ' mtcrval V 'R-R interval 
S D •» ttandard deviation S E — standard error 


TABLB 6 


Summary of at>erojr t^lues of K ♦» pattenis grouped by degree of heart failure 


Degree of 
heart failure* 

1 Number of coses j 

1 

Adth. aver ±S.B. 

“ft 

S.D 


9 

1 

19 

23 

0 423 ± 0 0031 

0 0200 

lln 

37 

40 

0 430 ± 0 0030 

0 0265 

Ilb 

42 

18 

0 436 ± 0 0031 

0 0243 

III 

1 

23 

19 

0 440 ± 0 0047 

0 0307 


Anth aver ■» anthmetical average S D - aUnda rd deviation S E - ttand 
ard error K - ' Q-T interval 4' k-R mtervaL 


* Degree of heart failure hi given according to the “Cntena for the Clasailica 
tion and Dlagnojis of Heart DiaeaK 2nd ed of the New York Tuberculosis and 
Health Association 
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rig 

Normal 

L.VP 

Normal 

Nortoai 

LVP 

R.VP 

Normal 

Normal 

R.VP 

Normal 

Normal 

R.VP 

Nonnal 

LVJ* 

Nonnal 

LVP 

H 


i 

‘a u-)0*0 0\in ooOOvOQQptoQp 

■^1 

*5 00^0 '0*0 Q'OQpkOO^f'^plOQ 

S r^s-iot 'OQ' 

a ior^ao t/^<A'0*ot^co^tot^'00 

D 

1 ^2^2 

1 

mm Ei 

200/110 

195/130 

180/108 

S4/40 

126/28 

110/40 

130/70 

122/98 

104/80 

112/50 

98/50 

120/50 

120/80 

108/60 

90/70 

90/60 

4 

s£^ ££ £s£££!3£a£ 

h 

« *.'iS 3!^ '^Q«o0fsr»0-_c*0 

5 *v)^4 wc4 fs55»o»Hc«-^*o**5->S' 

1 - ^ 

1 

c 

» i3 •§ E-S 

i i 1 

S fill S|a. 

*=io.i£ ^ ?. I.S g c X 1 rt K X 

X^XSydiS sli^iSlliS^IjiS 

m 

1" S ss sssssssssss 

E.K.G 

munber 

g Si §K ssssags^ssig 
a aa as ^ssaxsassaa 


t Degree of heart failure is given according to the “Cntena for the Claseification and Diagnosis of Heart Disease, 
2nd ed of the New York Tnber culosis and Healt h Aasoaation 
} "K ' =• “Q-T" interval '^"R-R ' interval 
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DljR\TIOV or ELECTRIC \L S\STOLE 




T ucgrce o\ heart lailure is given according to the ** Cntena for the Classification and Diagnosis of Heart Dibcase, 
2iul c(l of the New ^ ork Tuber culosis and Healt h Assocntion 
X“ K” = “Q-T" interval inter\ al 
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The nature of the underlying heart disease might be thought to play 
an important rOle m this connection, though this is not necessarily 
true Table 5 shows the average values of “K” obtamed from records 
of individuals with heart failure grouped by etiology The values 
mav be compared as follows 

Mean K ” ± etandard error 

Hypertensive group 0 443 ± 0076 

' Rheumatic’ group 0 424 ± 0018 


Difference 


0 019 ± 0078 


Syphilitic group 
‘Rheumatic group 


0 436 ± ■0033 
0 424 ± 0018 


Difference 


0 012 ± 0037 


Miscellaneous group 
Rheumatic group 


0 430 ± 0049 
0 424 ± 0018 


Difference 


0 006 ± 0052 


The values of 'K' for the hypertensive and syphilitic groups are 
slightly higher than the values for the rheumatic group, but the differ 
ence is hardly significant If the difference should prove significant, 
It would accord with the clinical impression that rheumatic heart dis 
ease is often better borne than manifest hypertensive or syphilitic heart 
disease No other significant difference is suggested by these data 
No clear correlation between sire of heart as determined by teleo- 
roentgenograms measured by the method of Hodges and Eyster (3) and 
the value of 'iC' has been found nor can any statement be maie with 
regard to the effect of acute dilatation because the only cases available 
have been necessanly complicated by digitalis therapy 

No constant association between changes m the electrocardiogram 
such as prolonged condition time, bundle branch block, or ventncular 
preponderance and the size of “K" was discernible 
In a further study soon to be published the effect of digitalis upon 
the value of K’ has been observed to be that of fairly consistent 
reduction 

DISCUSSION 

The data presented seem to warrant the conclusion that m the 
presence of manifest heart failure the "Q-T" interval of the electro 
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cardiogram is prolonged bejond normal limits, taking into considera- 
tion the heart rate It does not follow that this is the onl\ circum- 
stance in which the phenomenon occurs In fact it has been found in 
the present stud\ that some indmduals with anatomic damage to the 
cardlO^ ascular system have large \alues for "A',” though no heart 
. failure is discernible But one must remember that when clinical 
symptoms and signs of congests e heart failure are present, myocardial 
exhaustion must be relatively advanced It is reasonable to suppose 
that minor changes in the functions of the ventricles must first take 
place Indeed it is notew'orthy that grave myocardial exhaustion may 
occur without objective signs of congests e failure such as edema, 
ascites, or enlarged liver 

The significance of the “Q-T” mterxml has been a disputed point 
Fell and Katz (4) found by measurements of heart sound and central 
pulse records that of 13 patients wnth hypertension and heart failure six 
show'ed an abnormally short systole and only one an abnormal length- 
ening White and Mudd (5) have recently studied the "Q-T” interx al 
in a large number of pathological conditions and concluded that its 
measurement w’as apparently of little or no clinical value In neither 
of these reports W'as particular attention paid to various factors that 
may influence the "Q-T” inteiv’al, such as sex, temperature, and digita- 
lis, nor were statistical methods used 

A summary^ of the situation in regard to normal conditions is given in 
the paper previously referred to (1) For reasons there presented and 
because of the high degree of correlation show n in Table 4 and Figures 
1 and 2, it seems to the authors justifiable to conclude that the “Q-T” 
interx'al has a significant direct relation to cardiac systole This may 
be true w ith regard to pathological conditions as compared w ith normal 
conditions, exen though there are normally independent variations, 
provided the normal x^nations are w ithin a certain limit In case the 
“Q-T" interx al is in this sense directly related to the length of cardiac 
cx stole, the effect of the phenomenon here descnbed upon the output 
of the heart xxould be important No data on this subject are ax'ail- 
able From the cardiodynamic point of xnew, an increased sjstolic 
discharge is accomplished in part through an increase in x'cloaty of 
ejection and in part by a prolongation of sy^stole in the presence of 
increased xenous return (Wiggers (6)) 
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The prolongation of systole does encroach upon tlie duration of 
diastole, and thus diastole becomes shorter in a rapid failing heart. 
But the systolic discharge depends on the rate as well as on the dura 
tion of diastolic filling In a rapid heart with an increased venous pres 
sure, though the duration of diastole may be much shortened, the sys- 
tolic discharge may still remain unchanged or may even be increased 
due to increased rate of diastolic filling which Wiggers (6) found to oc 
cur experimentally m dogs Hence the prolongation of systole at the 
expense of diastole may not necessarily indicate a decreased output in 
the presence of increased venous pressure unless the action of the myo 
cardium is seriously interfered with by disease The current view of 
heart failure has been, however, that the output of the ventncles is re- 
duced and there is not a little evidence pointing in this direction 

Practically nothing is known about factors that modify the duration 
of systole in human bemgs except that it vanes with cycle length in 
normal individuals (see references m (1)) On the basis of expenments 
in animals it is believed that the conditions which are asscoated with 
an increase in systolic length are 1 Increased venous return or diastolic 
volume, 2 Continued vagus stimulation, and 3 Increased artenal 
resistance In regard to the last pomt opinions vary According to 
Patterson, Piper, and Starling (7) prolongation occurs, while Wiggers 
(8) found It only when the resistance is placed at the aorta Cardiac 
dilatation or mcrease of systolic and diastolic volume and increased 
\enous pressure are present in all cases of congestive failure and un- 
doubtedly exaggerate the relative prolongation of systole As to the 
vagus effect, we have practically eliminated it by the atropin test 
Atropm, 0 002 gram, was given to a few patients with cardiac failure 
and prolonged systole No appreaable reduction of systolic duration 
occurred 

The relative prolongation of "Q-T" interval in cardiac msuffiaency 
seems to be of myocardial origin Whether it is a reaction of the myo 
cardium to the factors that brought about its failure, or a manifestation 
of fabgue of the myocardium is a problem for further study 

The results of Katz (9) with regard to mechanical systole m dogs 
must be mentioned I<atz found that mechanical systole in dogs was 
shortened before signs of heart failure appeared These changes were 
produced by rapid mcrease in venous pressure and resulted m acute 
59 
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dilatation of tlic iicart Acute cardiac dilatation clinicall\ dilTcr'- much 
from sIo\\l\ progressne failure and the e\periments are hardU com- 
parable to the e\ents of human clinical patholog^ 

On the hypothesis that the “Q~T” interval is dirccth related to 
\ entncular s\ stole v\ ithin the limits set forth abo^ e, the prolongation 
here described is an important fact nith regard to the dvnamics of 
heart failure in man In any case, if established, it is a phenomenon 
of independent interest 


str\i%UK\ 

1 In cardiac failure resulting from various causes the electrical 
sy'stole (“Q-T” intera^al of the electrocardiogram) has been found pro 
longed bey'ond normal limits, taking into consideration the rate of the 
heart This is expressed in the value of “K" which is the ratio, sv stole 
(“Q-T" interx'al) square root of cycle length (‘'R-R" interval) 

2 No direct relation between degree of heart failure and the value 
of “K" was found, but relative prolongation of the “Q-T” intenal is 
present m the earliest recognizable cases of my'ocardial insufficiency 

3 In rheumatic heart disease the value of “K” is not as high as in 
In pertensive and sy'phihtic cardiovascular disease 

4 Electrocardiographic abnormalities such as prolonged conduction 
time and ventricular preponderance did not obviously effect the \ahic 
of “K” nor was any^ correlation between value of “K” and size of heart 
seen 

5 The factors that may be responsible for the relative prolongation 
of the “Q-T” interval in heart failure are discussed 
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THE EFFECTS OF SUSTAINED PITUITARY ANTIDIURESIS 
AND FORCED WATER DRINKING IN EPILEPTIC 
CHILDREN A DIAGNOSTIC AND 
ETIOLOGIC STUDY' 

By IRVINE McQUARRIE and D B PEELER 
(From the Vepartmtnlt oj Ptdtalncs of the Vnnerstiy of Rochester, Rochester, N P , 
and the University of Minnesota Mtnneapolts) 

(Received for publicatloa June 29, 1931) 

In the course of work already reported (1) (2) on the relationship of 
water balance to the occurrence of convulsions in severely epileptic 
children, it was found that seizures, after having been brought under 
control by the production of a deficit in the body water, could be made 
to recur practically at will by the rapid reestablishment of a positive 
water balance with pituitary antidiuresis The investigation reported 
in the present paper was undertaken with the purpose of further elua 
dating the mechanism of this reaction which appeared to us to open a 
new avenue of approach to the complex problem of ebolc^ in epilepsy 
In order to avoid misinterpretations based upon the spontaneous oc 
currence of seizures, patients were selected who were known to have 
convulsions infrequently but with a fair degree of regulanty It was 
believed that any fundamental difference that might be found between 
the response of the normal subject to an arhfiaaUy induced disturbance 
m the body fluid relationships and that of the epilepbc patient dunng 
his usual period of freedom from seizures, might furnish valuable m 
formation regarding the underlying physicochemical pathology in 
epilepsy The possibility of utilizing the observed reaction of the 
severe epileptic to an enforced positive water balance as a diagnostic 
procedure in mild or obscure cases also occurred to us early in the study 
Other means by which seizures can often be provoked in severe epi 

' Presented at the Twenty thud Annual Meeting of the American Soaety 
for Climcal Investigation, Atlantic City, May 4, 1931 

’ Aided by grants from an anonymous donor and from the Fluid Research 
Fund of the Rockefeller Foundation 
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lepsy, such as InT>en entillation of the lunps (3) and the production of 
marked alkalosis from ingestion of sodium bicarbonate (4), arc rarcK 
effective in the mild cases during the interv als betw cen their infrequent 
seizures This observation led McQuame and Keith (5) to conclude 
that the mildlj epileptic patient is indistinguishable from the normal 
child dunng his free periods It will be seen, however, that the rc'^ults 
presented here necessitate a reversal of that opinion 

PLAX OF IKVESTIGATIOX 

The expenmental subjects consisted of three groups of children 
The first was made up of patients who gav'e personal histones more or 
less typical of “idiopathic” epilepsy, but had seizures at infrequent 
intervals The second included cases with v'er^’^ indefinite histones of 
“fainting spells” or “sleepy spells” but no history of generalized con- 
vulsions or true peM mal The third group consisted of essentiallv 
normal children admitted to the Hospital for study of behavnor prob 
lems ansing from soaal maladjustment at home or in school Two 
cases of hystena were also included Pertinent details regarding the 
histones and results of other examinations are briefly summarized in 
connection with the presentation of the experimental data The gen- 
eral neurological examinations, spinal fluid findings and x-ray plates 
of the skull w'ere essentially normal and the Wassermann and tuberculin 
tests were negative in all of the cases presented here Enccphalo 
graphic studies after replacement of the cerebrospinal fluid bj air 
(Dandy 6) were not included in this series of cases Howev'cr, a fairly 
large number of encephalograms were made subsequently in similar 
cases according to the modified technique outlined by Pancoast and 
Fay (7) and by Pendergrass (8) These have contributed little to our 
study since the pictures in the mildly epileptic children were practicalK 
indistinguishable from those of the non-epileptic subjects The 
amount of removable cerebrospinal fluid w'as likewise essentially the 
same in the two groups 

The spinal fluid pressure was determined regularly after the first 
seizure in the epileptic patients and at the height of the reaction in six 
of the non-epileptic subjects studied With the child l>ing quietly in 
the honzontal position on one side with the head slightly extended, 
water manometer readings were made before any fluid had been re- 
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moved RcaditiRs were olifnmed between two seizures in severnl cnees 

All patients tterc kept in lied under close observation, eitlier m the 
special mctaljolism ward, where complete study of the water and 
mineral balances could lie conducted, or on the regular pediatric divi- 
sions of the Hospitals at the University of Rochester or at the Umver- 
Ritv of Minnesota The mKcd diet ordiiinnly usetl on the petlintric 
services was Riven at first but later this was rcplacetl by diets compara- 
tively low in NaCI Two of the epileptic patients were kept on basic 
diets, consistinR exclusively of heavy cream, sugar and water the pur 
pose iH-ing to limit the mineral intake to an extremely low level, except 
for short periods when carefully weighed amounts of NaCI were added 
for a special ptirfiose 

\Vliilc under observation the patients were weighed regularly every 
6 or 12 hours on scales sensitive to 5 grams The bladder was emptied 
just Ixifore the patient was weighed For each subject, the 24 hour 
diet as well as the water wis divided into four C(|unl amounts, which 
were given at 6 hour intervals immediately after the patient had been 
weighed 

To protiucc a jxisitivc water balance, water was given at the rale of 
from 2 to 5 cc per kilogram of body weight |)cr hour at either S or 
4 hour intervals simiiUancously with a suflicicnt amount of the nnti- 
diurctic extract from the posterior lobe of the hypophysis (either 
pituitnn or pitressin F U ) to prevent water diuresis In the earlier 
experiments the extract was ndmlnistcrcd intranasnlly on n plctlget of 
absorbent cotton, but the subcutaneous route was later ndojited lx: 
cause It ga\c less variable results The water and the extract were dis 
continued only when the patient had a seizure or manifested fairly 
mnrkctl symptoms of overdosage, such ns abdominal crnmiis, excessive 
vomiting or slight headache The body weight usually increasctl by 
2 |)cr cent or more before these symptoms appeared 

For the experiments presented in Charts 6 and 7, the patients were 
kept in the metabolism ward under the constant supervision of special 
nurses Flic water intake per day was the same throughout the period 
of observation, and that for each day was divided into 8 equal portions 
given at 3 hour intervals simuftancously with the administration of 
pitressin The diets, consisting of cane sugar and 40 per cent cren 
in non ketogeiiic proportions, were calculated to meet the patien 
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energ\ requirements under ordinary conditions Because of the short- 
ness of the expenmental period, it \\ as thought unnecessary to gi\ c spe- 
cial attention to the protein or vitamin content of the diet All food 
was given during the first two hours of each 6-hour period The urine 
was collected quantitatively at the end of each penod The patient 
was neighed at the beginning of each 6-hour period, after the bladder 
had been completely emptied and before food or n ater had been gn en 
The temperature and humidity of the room nere such that Msible 
s\\ eating did not occur The insensible water loss w as calculated from 
the body weight changes 

“Water output,” as shown in the balance charts, designates the 
w'ater of the “insensible perspiration” plus that of the urine and feces 
“Water intake" includes the drinking water, the preformed water of 
the food and the calculated w'ater of oxidation The NaCl, w hich w as 
given three and one-half days m the first, and four days in the second 
expenment, w^as taken in the drinking w'ater in hypotonic concentra- 
tion (about 0 4 per cent) at a uniform rate We wash to emphasize the 
important fact that the salt was at no time given in hypertonic concen- 
tration Full cooperation of the patient and his parents was secured 
for each study made 


RESULTS 

For economy^ of space and for the sake of clearness, the results of rep- 
resentative expenments have been condensed on seven graphic charts, 
W'hich are practically'- self-explanatory^ 

On Chart 1 are presented the data from studies on two patients giv- 
ing histones ty'pical of mild “essential ” epilepsy, and on one non-epilep- 
tic control case m the same age penod 

The control subject, V M , w'as a comparatively healthy girl w'hose 
chief complaints were nervousness, enuresis and poor adjustment in 
school Thorough examinations for e^^dence of urological, nenous, 
metabolic and circulatory disease w'ere negative She had never had 
signs of any con\uIsive disorder D M , the first patient, was an 
Italian boy' in the same age and weight group W'ho was referred from 
another hospital dispensar\' with the diagnosis of “genuine” epilepsy 
He ga^e a definite history, dating back 3 years, of occasional se\ere 
grand vial seizures, w hich usually' occurred in the early morning hours 
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lubject received at 4-hour intervals 500 cc- of water and an intranasal application of 0 5 cc. of pitressin 
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and were followed by stuporous sleep The last attack had been two 
da\s prior to his admission to our Hospital Except for dental caric‘., 
his general condition w as found to be excellent The second patient, G 
B , a somewhat older and larger box was brought to the Hospital for 
examination by members of a children ’s-aid societx , who had obtained 
the historx' that there had been tx'pical generalized epileptiform con- 
xulsions for three years, w'hich had gradually become more frequent 
Dunng the prexious year the seizures had occurred regularly exerj' 
three or four xveeks, the Itist haxnng been three days before he entered 
tlie Hospital Although there xvas slight mental subnormahtx', his 
general condition was essentially normal 

It IS evident that the antidiuretic effect of the hypophyseal extract, 
xvhich XX as administered intranasally, xxas of the same order in the non* 
epileptic as in the epileptic subjects In fact, the percentage weight 
gam was slightly greater in the first case than in the txx'o latter Fol- 
loxx ing the gam in w'eight, convulsions occurred in the epileptic patients 
as the first prominent effects of the test An unusual feature of the 
reaction in the case of D M xx'^as that he had four convulsions in quick 
succession, xx'hereas in no prexnous attack had he experienced more than 
one That the control subject, in xx'hom no convulsive phenomena 
were prox^oked, had a sufficient amount of water and extract for a fair 
test is shoxvn not only by a large gain in w'eight but by the fact that 
headache and x^omiting occurred as well 

The initial effect of increased xxater intake before the antidiuretic 
extract xxas gix’^en, namely, a loss in body xx eight, xxas the same in the 
normal subject as in the epileptic The excessive loss of xx eight which 
folloxxed xxithdraxxal of the antidiuretic effect and xvater in the control 
case IS regularlx" obserx^ed in both normal and epileptic subjects This 
XX ill be discussed later Unfortunately, the xx eights of the txx o epileptic 
patients xx ere not recorded after the completion of their tests 

The experiments on Chart 2 are presented in part to illustrate the 
frequentlx obserx^ed x’ariabilitx of the effect on xx eight of pitressin, 

XX hen It is administered bx' surface application w'lthin the nostrils 
W hen the xx ater intake is high, as in these cases, diuresis tends to occur 
from time to time in spite of the antidiuretic, thereby interfering with 
the object of the test Subcutaneous administration has gix en more 
consistent results than intranasal in our experience 
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firet bracicetfl but later subcutaneously (0 3 cc. e^ery 4 hourB) as indicated by second brackets 
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This chart again shows that tlie establishment of a posilue water 
balance, indicated bj the sudden gam in bod\ weight, induced con- 
\ ulsions in the epileptic, but not in the non-epileptic subject The 
maNjmum fluctuations in weight were approvimately the same in both 
In connection w ith this particular expenment, the results on another 
patient receixnng pitressm intranasally should be mentioned because 
of his unusual reaction The subject w as a bo> 15 years of age, w ho 
gave a t 3 fpical historj' of grand mat epilepsy since the age of 9 } ears w ith 
infrequently occurring seizures The test was performed as in the 
present experiment The feature of special interest m this case was 
that after the storage of w ater had reached a level at w hich a seizure 
might have been expected, the patient expenenced a definite gura 
wnthout having a true seizure Immediately after this reaction, diu- 
resis developed and did not disappear so long as water w'as forced, in 
spite of continued mtranasal application of the antidiurctic extract 
We have not been able to explain this anomalous physiological reaction, 
although we have often seen polyuria follow a completed epileptic con- 
vulsion w'hen no antidiuretic extract w'as being given 

Chart 3 presents data from tests on two patients, both with the ten- 
tative admission diagnosis of "epilepsy " 

C A gave an indefinite history of “nerv’^ousness” and "fainting 
spells, ” w^hich had occurred at infrequent intervals She usually com- 
plained of ‘‘feeling famt” before swooning She had at times sunk to 
the floor unconscious, but had never injured herself This had happened 
w hen she w as in an over-heated room and again when dancing Froth- 
ing at the mouth, bitmg of the tongue, loss of sphincter control, violent 
muscular contractions or prolonged penods of drowsiness or sleep after 
attacks never occurred She w as somew hat retarded mentally, but ap- 
peared normal othen\ ise It was the impression of Dr Ferguson of the 
Neuropsjchiatric department, who saw her m consultation before the 
test was made, that she was not a genuine epileptic 

E B , on the other hand, gave a definite history of conxmlsions, the 
first of which had appeared at the age of 9 years They had recurred 
biennially up to the age of 13 years, w hen her menstrual penods began 
Since that time, she had had t>pical grand inal attacks every few 
months Her mental development has remained essentially normal, 
how ever 
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Pitressin administered subcutaneously in doses of 0 4 to 0 5 cc. every 3^ hours, as i 

11 E B Age 15 Ykaes 
P itressin subcutaneously m doses of 0 2 to 0 4 cc. every 3j hours 
Each subject given 700 cc. of water every 4 hours over penod indicated by brackets 
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The difference in reaction of these two girls to the positne water 
balance test w as \ er\ striking The cvpenmental conditions were es- 
sentially the same in both cases except for the fact that E B w as gi\ en 
somewhat smaller doses of pitressin Although the conditions of the 
test were thus made much more extreme m the case of C A , finalK 
producing headache, \ omiting and a fairly marked vasomotor response 
she had no sign of fainting or of a convulsive seizure On the other 
hand, E B, with but half the gain in w'eight from water retention and 
w ith very' little e\ idence of the other s> mptoms mentioned, had a t> pi- 
cal grand vial attack preceded b> a definite aura Follow ing w ithdraw al 
of the pitressin, E B showed delay m diuresis not seen in anj other 
patient 

The three experiments presented on Chart 4 are of special interest 
because each of the patients involved exhibited a peculiar diagnostic 
problem requiring more information for its solution than that available 
from the ordinary' neurological examination Subsequent observa- 
tion has confirmed the accuracv of the conclusions indicated b\ the 
tests 

IM J B gave a histoiy' suggestive of possible brain injuiy' at birth, 
although at the time of our examination there were no neurological 
signs of residual organic disease and no evidences of mental retardation 
The mother’s labor was said to hav'e been precipitous The patient 
had one generalized conv'ulsion during the first week of life and at that 
time red blood cells were found in the spinal fluid The next convul- 
sion occurred three years later This was followed by hemiparesis 
which did not disappear entirely' for several days No seizures were 
seen thereafter for two years At the end of this period, two weeks be- 
fore admission to the Hospital, howev'er, a third severe generalized 
conv'ulsion occurred, which could not be explained on any other basis 
than that of epilepsy There was a family history strongly suggestiv'e 
of this disorder 

Before the performance of this special test was considered, we were 
requested to give an opinion regarding the cause of her convulsions 
She had then been in the Hospital for over a week for careful neurologi- 
cal and psy chiatric studv , the results of vv hich were essentially' negativ e. 
and was about to be discharged with the diagnosis, “nervous child 
W e were reluctant to perform the test because of the history of paresis 
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hours Pitreasm 0 5 cc intranasaHy every 3 hours for 3 doses then 0 4 cc and 0 5 cc. subcutaneously every 3} 
houfB for 3 doses each 

in D N Age 10 Years 

Diet Protein 31 fat 45 and carbohydrate 180 grama. Water intake 600 cc every 4 hours Pitressin 0 3 cc 
subcutaneously every 3§ hours 
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follo\\ mg one of her pre\nous attacks Hov\ e\ cr, the parents and the 
family ph 3 sician were willing to assume responsibiiiU' for possible ill 
effects from it because they were somewhat dissatisfied with the in- 
definiteness of the pro\nsional diagnosis 

During the first 24 hours the test was without definite effect because 
of o\ er-caution regarding the dosage of pitressin When the latter w as 
increased, howe\er, seizures resulted within 18 hours It is probable 
that an unobserved seizure occurred just before the last dose of the 
extract w as gi\ en because the patient had othenvise unexplained enu- 
resis and drowsiness WTien the attacks began to appear with great 
frequenc}', they w'ere brought under control bj' the induction of light 
chloroform anesthesia No noticeable ill effects resulted This par- 
ticular experience, however, emphasizes the desirability of terminating 
the penod of antidiuresis as soon as the first seizure has occurred 
Since her discharge from the Hospital, the diagnosis of epilepsy has 
been further confirmed by recurrence of seizures on two occasions 
several months apart 

As showm in the second division of the chart, no convulsion was in- 
duced when the test was performed on a “behavior-problem” child, 
who gave a history of six or seven atypical “fainting spells" during 
the previous three years In none of these had there been observ ed 
complete loss of consaousness, convulsive movements, frothing at the 
mouth, c^’^anosis or injury from falling Members of the staff m 
Neuropsychiatry" had never considered her to be an epileptic Her 
“spells” were regarded as a feature of her behavior disorder As 
shown on the chart, no seizures occurred in spite of a gain of two kilo- 
grams in body weight from water storage Vomiting, abdominal dis- 
comfort and headache finally necessitated the termination of the test 
That this patient serv’ed as a reliable control is confirmed bj' her subse- 
quent history" 

From the clinical point of view the patient, w ho sen ed as subject for 
the experiment presented in the third di\ ision of Chart 4, w as in sev oral 
respiects the most interesting studied While she gave a long histon' of 
grand n.al seizures in e\ ery" respect ty pica! of true epilepsy , neurological 
examination re^ ealed the absence of a normal gag reflex and the pres- 
ence of penphr'-al anesthesia with the “stocking and gloxe’ distnbu- 
tion charactc- of hxstena Further in\ estigation of the history’ 



IRVINE MCQUARRIE AND D B PEELBR 


927 


brought out the fact that dunng the previous two years the patient 
had suffered from '‘nervousness," and transient attacks of dizziness 
headache and precordial pains, with no physical findings to explain 
such svmptoms The latter appeared to have no relationship to the 
seizures, but had developed subsequently, dunng a penod when the 
mother was suffenng from severe exophthalmic goiter which kept the 
family as well as herself under “high nervous tension ’ The child s 
symptoms, like the mother s, had greatly improved following removal 
of the mother’s goiter Until these features suggesting hystena were 
discovered, the clinical diagnosis, based upon the character of the con 
vulsive seizures, had been epilepsy 

When the antidiuresis test was performed, every precaution was 
taken to keep the patient from knowing its purpose or from knowing 
that she was being observed That the convulsion which followed was 
not hysterical m character is practically certain It occurred only 
after the patient a body weight had been increased over 4 per cent by 
retamed water As described by Dr Clausen and members of his 
staff, who were making ward rounds m an adjoining room when called 
to see the patient, the convulsion was typical of the grand nial seizure 
of geniune epilepsy A characteristic aura was reported by the super 
vising nurse The pupils were widely dilated and the eyeballs were 
turned upward and to one side. There was a definite tome phase with 
cyanosis and twisting of the body to one side, followed by a clonic 
phase with drooling and frothing at the mouth There was no defimte 
loss of sphincter control and the tongue was not bitten, but the seizure 
was followed by a long sleep 

The conclusion was drawn that the patient w as a true epilepbc, with 
superimposed hystena of a mdd grade, which had manifested itself in 
other ways than by means of convulsions 

The expenment presented in Chart 5 differed from those preceding 
in several ways The patient was an intelligent, well developed, 16 
year-old Armeman girl who gave a typical history of so-called genuine 
epilepsy of one year's duration Grand mol seizures had occurred 
monthly or bimonthly almost from the begmning The time selected 
for the test, as in the previous cases, was within the penod when no 
regular seizure was expected A preliminary test, with the pitressin 
admimstered intranasally, was unsuccessful as regards the physio- 
logical response and the production of a seizure 
60 
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Diet for 24 hours consisted of protein 75, fut 75 and carbohydrate 175 grams lest 
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Since the hiatorj was so clearly one of epilepsy, it was deaded to 
repeat the study under conditions in which the complete water balance 
of the body could be accurately determined A preliminary period of 
dehydrahon was included because it had been observed repeatedly m 
severe epileptics that seizures were likely to be more frequent and more 
severe on resuming a high water intake following a period of freedom 
and low intake It was considered that this might prove to be an addi- 
tional refinement in the test, to bring out the latent convulsive tendency 
m the epileptic subject A considerable degree of dehydration was 
produced by administration of urea over a penod of 36 hours and limi- 
tation of the total water intake over a period of three and one half days 
Suffiaent water was then given over a penod of a few fours to com- 
pletely satisfy the patient’s desire for it (over 1000 cc.), after which the 
routine administration of the antidiuretic extract of the pituitary gland 
and water was begun 

In order to avoid unpleasant reactions, and to prevent complications 
such as vomiting, the plan previously evolved was to begin with a small 
dose of pitressin and gradually increase this until the optimum dosage 
was reached Inadvertently, the substitute nurse in charge mjected 
ten times the intended amount of pitressm for the first dose. The 
patient’s reaction to this overdosage was extremely mtense. There 
w ere marked and persistent pallor of the skin and mucous membrane, 
with feeling of faintness and collapse, weakness and irregulanty of the 
pulse, abdominal discomfort, dizzmess, headache and persistent vomit- 
mg but no convulsion nor loss of consciousness Incidentally this 
episode, while distressing m one respect proved to be of great value in 
that it demonstrated beyond reasonable doubt that the convulsions 
induced in the epileptic subjects studied are not associated primarily 
with the vasopressor action of the extract, but with its antidiuretic or 
hydrating effect 

After the pronounced symptoms of pitressin overdosage had subsided, 
the test was continued accordmg to the onginal plan A typical grand 
mal seizure occurred about 36 hours later, after nearly three liters of 
water had again been stored m the body Dunng the 24 hours pre 
cedmg the convulsion, no vomiting, no headache and no striking vaso 
pressor effect were observed Spmal fluid pressure taken shortly after 
the convulsion was 125 mm of water 
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The marked loss in bod\ w eight after the termination of the tc^^t is of 
special interest It ^\as ob\jously due to a massnc loss of water, 
largely by \\a\ of the kidne\s It is somewhat surpnsing that 30 
hours after the con\ulsion the weight had fallen below the minimum 
for the deh\dration period Except for the period of about 20 hours 
when there w'as vomiting from overdosage of pitressin, the diet, con- 
taining 1700 Calories, was apparentlv well taken This effect on the 
body weight, which is observed in the controls as w'ell as in the epileptic 
subjects on the withdrawal of the antidiuretic agent, is similar to that 
of simple water diuresis, but is more marked Whether or not this is 
due solely to previous loss of minerals, so that the storage depots are 
temporarily unable to retain their usual amount of w'ater, or in part to 
other factors, is uncertain 

The purpose of the follow ing two experiments, w'hich were conducted 
m the metabolism ward under rigidly controlled conditions, was to 
throw' some light, if possible, upon the modus operavdt of the water and 
pituitary extract in provoking seizures in epileptic subjects It is 
obvious that the addition of a large volume of distilled water to the 
extracellular bod> fluids must result in dilution of these solutions bath- 
ing the cells of the body Under ordinary conditions, the drinking of 
similar amounts of w'ater results in but little dilution, because the extra 
water is excreted vers' promptly To the extent that minerals arc 
earned from the body w ith it, there w ill be loss of extracellular body 
water also to maintain the normal concentrations 

When, however, the increased water intake is accompanied by ad- 
ministration at frequent interv'ais of an efficient antidiuretic agent, the 
normal mechanism for adjustment cannot operate successfully and 
dilution of the fluid about the cells is ine\ntable If this condition per- 
sists for a sufficiently long period of time, it is practically certain that 
the cells wall take up extra water because of the diminished osmotic 
pressure of the fluids surrounding them It may be presumed that 
this dilution of the cell contents w ith resulting disturbances in the ionic 
equilibria results in the increased imtability of nerve tissue ei entuatmg 
in the con\'ulsion It was thought desirable, therefore, to study' the 
problem in a way such that the importance of the dilution factor might 
be more accurately appraised 

In the limited time a\'ailable for this study, it was planned to feep 
two mildly epileptic children, who were known with certainty from 
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previous observation to have grand mal attacks at relatively infrequent 
intervals, on basic diets extremely low in NaCl and on uniform waterln 
take at a rate between 3 and 5 grams per kilogram of bodv weight per 
hour After preliminary periods of 36 hours, the antidiuretic pnnaple 
was to be given at 3 hour intervals until seizures uere produced 
After an interval of 24-hours, which should be allowed for recovery from 
the effects of this procedure NaCI m suffiaent amount to make ap 
proximately a 0 6 per cent solution of the fluid estamated to be retained, 
was to be given over a penod of 24 hours This was then to be con 
tinned and at the same tune the antidiuretic agent was to be adminis 
tered as before until a seizure should occur, or until other indications for 
its discontmuance should appear, after which the salt would be con 
tmued for an additional 24 hours The remainder of the plan was to 
repeat the first part of the expenraent 24 to 36 hours after discontinu- 
ance of the NaCl, as an added check. Tlie diets and water intake re 
mained the same throughout the entire penod 
As ahowm m Chart 6 the expenraent was earned out essentially as 
planned The important feature of the results obtained was that a 
much longer tune and a much greater gam in weight were required for 
the mduebon of a seizure when NaCl was given than when it was not 
given The convulsion, which occurred m the foreperiod followed the 
third dose of pitressin that m the sodium chlonde penod came ap 
proximately three hours after the 12th dose, and that in the last penod 
after the 6th dose Before the seizure of the sodium chlonde penod 
occurred the body weight reached a peak more than one kilogram 
above that of the low nuneral-diet penod 
In the next expenment (Chart 7) there was a alight deviation from 
the original plan in that no pitressm was admmistered dunng the fore 
penod In this instance dunng the preliminary penod of increased 
water intake, instead of the usual loss of body weight due to water 
diuresis, there was a net gam of 2 per cent due to water retention and 
at the end of 12 hours the patient had a severe convulsion The usual 
water diuresis then followed dunng the next 24 hours The increase 
in weight dunng the succeeding 24 hours due alone to the addition of 
NaCl, while matenally greater than the first gain was unaccompanied 
by a seizure Nor was there a seizure when the body weight was made 
to increase by more than 5 per cent by the simultaneous admmistration 



932 


^^ATER IN npiLLrs\ 



CtrART 6 N r ArKlO'\r\Ks AFild Fpilcps^ 

Diet for >F hours consistul of 160 Rr-rms of 10 per cent creim and 240 grams of cane sugar 


Time 6PM 6AM: 6AK 6AM 6AM. 6AM 6AM 6AM 6AM 6PM 


IRVINE lICQUARRIB AND D B PEELER 


933 



(tUJDjb) JBJD/^V 


Chart 7 E. B Acs 14 Ybvrs Mild Epilbpsv 
Diet for 24 hours consisted of 180 grams of 40 per cent cream and 320 grams of cane sugar 
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water balance test was performed on him at the request of the staff in 
Neuropst chiatrv duruig one of his “free" periods No type of seizure 
resulted from prolonged continuation of the procedure, althougl) he had 
headache, vomiting, vasomotor symptoms and a gain m body weight of 
more than 5 per cent Some days later, after the effects of the test 
had entirely disappeared, he was made to have one of his ordinary 
hystenal “convulsive attacha’ by a clever arrangement of circum 
stances discussion of which is beyond the scope of the present paper 
Details of this case will be reported independently by Dr C B Horton 

DISCUSSION 

It 19 evident from the foregoing results that typical grand mol seizures 
can be mduced in children with epilepsy, even in the early stages and 
during the free intervals between spontaneous attacks, by materially 
increasing the water intake and administenng at the same time a suffi- 
aent amount of antidiureoc pituitary extract to prevent w ater diuresis 
A low mineral intake dunng the test apparently favors this type of 
response, whereas preventmg dilution of the body fluids tends to mter- 
fere with the induction of seizures In essentially normal children, 
presenting simple problems of social maladjustment or ordmarv 
"nervousness,” and m other non-epileptic subjects with hystena or 
with typical “shaking or "famting spells” the procedure when ap 
plied m the way descnbed here does not cause convulsive reactions of 
any land Apparently very little, if any harm to the fiatient results 
from it. We believe, therefore, that it may be employed as an aid in 
differential diagnosis in early or obscure cases, m which other more 
simple methods of provoking the charactenstic seizure fail 

In addition to their practical implications, the foregoing expen 
mental data appear to us to contnbute significant informabon on what 
may be termed the physicochemical pathology ' of “genuine ’ epi 
lepsy Before our tentatiie interpretation in this connection is pre 
sented, however, other possible explanations of the results obtamed 
will be bnefly discussed 

Because of the tendency for convulsions to follow interference with 
blood supply to the brain (10) and because anoxemia has been shown by 
Lennox and Cobb (4) to favor the occurrence of seizures in epilepsy, it 
was natural at first to think that the seizures might be due to the vaso- 
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of Inpotonic salt 'solution and pituitar> extract, altliough headache, 
\ omiting and circulat 9 r\ s\ mptoms were so se\ ere that the expennient 
had to be discontinued on the fourth da\ E\ identK , the pre\ ention 
of dilution of the extracellular bodv fluids in this experiment interfered 
w ith the induction of a seizure The third phase of the experiment w as 
earned out 24 hours after w ithdrawal of the NaCl In spite of the fact 
that not all of the NaCl gn en had 5 et been excreted, as show n In sub- 
sequent measurements, repetition of the antidiuresis test, without 
addition of NaCl, resulted in a tvpical grand mal attack within 20 
hours It IS planned to compare the effects of other ions w ith those 
of Na and Cl m expenments similar to these In a study on the rela- 
tn e effectiveness of the \arious ions in inhibiting the swelling of brain 
tissue, placed in distilled water, Haldi and his coworkers (9) found a 
considerable difference between the different 10 ns The bnalent were 
more efficient tlian the mono\alent 10 ns in preventing swelling 

Since the expenments described here were done, we have seen the 
antidiuresis test earned out on more than forty mildly epileptic chil- 
dren, in all but one of whom seizures have resulted as in these cases 
None of the eighteen definiteh non-epileptic subjects observed have 
reacted in this way, although in the majority of them the duration of 
the test has been longer, the weight increase greater, and the other 
symptoms of overdosage more marked In but one case so far have 
v\ e seen genuine pctU mal seizures definitely induced by this procedure ’ 
In this particular patient tlie minor seizures were prov^oked on three 
successiv e occasions On the first of these, when larger doses of pitrcs- 
sin w ere giv en, she had one grand mal attack, as well as sev eral petti mal 
seizures We have watched the effect of the test on but one patient 
who had frequent spontaneous pcht mal attacks without ever having 
had grand mal In this instance the special nurse reported an increase 
in tlie frequency' and sev entv of the petit mal seizures This particular 
problem undoubtedly deserves further investigation, because the 
mechanism of petit mal seems to differ in some rfespects from that of 
grai d mal as seen in the mild cases described in this paper 

One of tlie other cases, w hich v as of speaal interest to us, was tliat of 
a man 23 >ears of age with tv pica! hjstencal attacks Our positiv^e 

’ To be reported in connccuon v ith mineral and water metabolism studies 
being made bv McQuame, Ziegler and Engel 
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convulsion m each case was above 200 mm of water, the values re 
corded iinmediately before and a few minutes after it were well within 
normal limits No difference has been found between the pressures of 
the epilepbc patients and those of the non-epileptic subjects, on u horn 
determinations have been made under the same conditions The rate 
of water administration to our patients was but one twentieth to one 
thirtieth that used by Rowntree to produce convulsions in his normal 
animals Unless an unexpectedly large fracbon of the water retained in 
the body were stored within the skull it is most unlikely that suffiaent 
mcrease m general pressure to cause seizures should develop from the 
comparabvely small amount of water given We have been unable to 
mfluence the occurrence of convulsions in our subjects by increasing the 
intracranial pressure by jugular compression Even in other convul 
sive condibons, m which increased intracranial pressure is conceded to 
be a contnbubng causal factor, the exact nature of the pressure effect 
and its relabon to the convulsion are not known It is conceivable that 
the injury to the brain cells from direct pressure and from interference 
with blood supply may be suffiaent to alter the permeability of their 
membranes to water and electrolytes 

In Rowntree’s normal animals with water intoxication there was ob 
served no tendency for water to localize in the subarachnoid spaces in 
spite of the enormous quantity admmistered (13) In the few epilepbc 
cases m which attempts have been made by Thompson to remove the 
fluid from the subarachnoid system quanbtabvely and replace it by air, 
first some weeks before, then dunng and again some weeks after the 
anbdiuresis test, the results have mdicated that the total volume of 
fluid tends to be slightly diminished rather than increased dunng the 
bme when the water retention in the body is at its maximum * Barbour 
and his coworkers (14) found that the water content of the brain hssue 
Itself is inaeased m dogs under condibons similar to those of our ex- 
penments It appears probable to us, therefore, that the volume of 
cerebrospinal fluid may even decrease as the volume of the brain bssue 
mcreases.in keeping with the space-compensabon theory of Dandy (IS) 
We do not regard ordmary mtercellular brain edema, which is re 
ferred to by some authors, as being of great importance in the causabon 
of epilepbc seizures However, entrance of water or hypotonic NaCl 


* Personal communication 
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pressor effect of the piluitaiA extract Ho\\e\er, three objection-^ to 
this interpretation ha\ e appeared The first of these is that there has 
been no regular time relationship between the occurrence of seinircs 
and the transient vasopressor effect of the extract, w hich follows w ithin 
a few minutes after the injection The next is that sei7urcs tend to 
occur only after a positive water balance of a considerable magnitude 
has been established In the third place, while the v’asopressor reac- 
tion maj’ well be a contributing factor in some instances, the expen- 
ment presented on Chart 5 would tend to convince the most enthusi- 
astic proponent of the vascular-spasm theory that it is not of primary' 
importance under the conditions of this test Were the theory appli- 
cable under these circumstances, it v\ould seem certain that the patient 
should hav'e had a seizure, or more likely many seizures, when she was 
inadv'ertently giv en ten times the intended dose w ith the production of 
a vasopressor reaction of almost maximal intensity 

The next possibility which presents itself as the direct cause of the 
convulsions is increased intracranial pressure, which has been thought 
by some w nters to be an important factor in epilepsy This W’as at first 
considered by Row ntree and his cow orkers (11) (12) to be the major fac- 
tor in the causation of convulsions in experimental "water intoxica- 
tion,” a reaction similar in certain respects to that of our experiments 
Generalized conv'ulsions, which v\ere said in their earlier papers to be 
epileptiform in type, were produced in normal axperimental animals by 
these observ'ers, when water v\as administered at the enormous rate of 
100 cc per kilogram of body weight per hour or when half of tins 
amount of water was giv'en in conjunction with sufficient pituitrin to 
prev ent diuresis In a later paper Row ntree (13) described the conv ul- 
sions as resembling those of strv'chnine poisoning and expressed the 
belief that a disturbance in the balance of the electroly tes is of para- 
mount importance in their causation 

The chief objection to the theorv' of increased intracranial pressure 
m connection vMth our expenments is that the spinal fluid pressure 
readings, taken regularlv on the patients soon after their seizures and 
in a number of instances just before, have vaned between 80 and 130 
millimeters of water, which is well within the normal range of variation 
In tv\o instances convulsions occurred v\hile the spinal fluid pressure 
was being measured Although the reading taken at the height of the 
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2 It IS shown that typical grand mal seizures can be induced within 
12 to 48 hours in the epileptic, but not in the non-epileptic subject, by 
giving water at the rate of from 2 to 5 cc per kilogram of body weight 
per hour while maintaining effective pituitary antidiuresis 

3 This difference m response between epileptic and non-epdeptic 
patients may be helpful in establishing the diagnosis early in an obscure 
case 

4 Under the conditions of the experiments descnbed here, dilution 
of the extracellular body fluids appears to be an essential factor in the 
mducUon of seizures smce administration of an amount of NaCl just 
sufficient to prevent this tends to interfere with their occurrence 

5 The results presented lend strong support to the view that the 
mechanism for controlling semipermeabihty of the brain cell mem 
branes is inherently defective in the epileptic patient, 
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solution into the cells in excessue quantities with resulting dilution of 
the cell contents and alteration of the normal relationships of both 
colloids and electrolv tes w ould be considered of a erj great significance 
Some indirect eaidence that such a translocation of water may precede 
the occurrence of a seizure pro\oked b\ sustained pituitan, antidiurcsis 
has recenth been obtained from a combined study of the water and 
mineral balances in a se\ erel> epileptic patient (16) The mow wasc\- 
pre^sed in an earlier paper (2) that the beneficial effect of the dch> - 
drating regimen used in the treatment of epilepsy might depend in large 
part upon its pre\enting overhydration of the brain cells, rather than 
upon Its decreasing the quantity of fluid in the subarachnoid spaces, as 
maintained by Fa> (17) The results from the present stud\, as well 
as certain other experimental data now available, tend to support that 
position 

Under the conditions of the experiments reported here, in which the 
subject on a low^ mineral diet is forced by sustained antidiuresis to re- 
tain a \ olume of w ater greater in some instances than that of the total 
plasma \ olume, a significant decrease in the total osmolar concentra- 
tion of the electrolytes in the extracellular fluids of the body is found 
to take place Due to the resulting alteration in tlie osmotic pressure 
of tins fluid, there is undoubtedly a strong tendency for the fixed cells 
of the brain and of other organs to take up w’ater and to lose some of 
their diffusible elements The fact, that convulsions are inducible in 
the epileptic but not m the non-epileptic subject under these particular 
conditions, suggests that the barrier, normally preventing free passage 
of water and Aanous solutes into and out of the brain cells, functions 
inefhcientK in the former This interpretation is consistent with a 
working hypothesis which has recently been derned from separate 
studies on the blood leathin and cholesterol (18j and on the mineral 
and water exchanges Dd) m severely epileptic patients The central 
concept in this h\ pothesis is that an innate deficiency in the mechanism 
for controlling semi-permeabihtA of tlie brain cell membranes charac- 
terizes tlie pin sicochemica! pathoIogA of “essential” epilepsy 

bUMMARA XXD CONCLUSION 

1 Experimental and clinical data are presented to show the effects 
of sustained pituitarx antidiuresis and water drinking on mi!dl> epi- 
leptic as contrasted with non-epileptic children. 
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2 It IS shown that typical grand mol seizures can be induced within 
12 to 48 hours in the epileptic, but not in the non-epileptic subject, by 
giving water at the rate of from 2 to 5 cc per kilogram of body weight 
per hour while maintaining effective pituitary antidiuresis 

3 This difference in response between epileptic and non-epileptic 
patients may be helpful in establishing the diagnosis early in an obscure 
case. 

4 Under the conditions of the experiments described here, dilution 
of the extracellular body fluids appears to be an essential factor in the 
induction of seizures smce administration of an amount of NaCl just 
sufflaent to prevent this tends to interfere with their occurrence 

5 The results presented lend strong support to the view that the 
mechanism for controlling semipermeability of the brain cell mem- 
branes IS inherentlv defective in the epileptic patient 
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THE PLASMA PROTEINS IN RELATION TO BLOOD 
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The total protein* of the serum ha\e been determmed 179 times in 
21 patients with nephrosis or nephrobc types of nephntis On 118 
occasions m IS patients albumin and globulm fractions were deter- 
mined separately 

The methods employed for analysis of the serum have been described 
elsewhere (1) 

Nature of cltmcal matenal 

Abstracts ia ith the most significant clinical features of each case may 
be found at the end of the paper From consideration of these proto- 
cols It becomes at once evident that the clinical matenal is so far from 
homogenous that the propnety of discussmg it under a single head 
may be questioned The cases can be divided roughly into three 
groups From the standpoint of both etiology and course the first 
eight patients clearly deserve a diagnosis of glomerular nephntis 
With the possible exception of the third case, 61090, the disease was 
in every instance preceded by sore throat, and \v as usually ushered in 
by an acute stage in which hematuna and transitory hypertension and 
azotemia were noted In number 61090 the onset was insidious, but 
the initial hypertension and azotemia and the subsequent course of the 
disease were quite typical of glomerular nephntis 

Of the next five patients, three (34753 S6577 and 72481) were proved 
at autopsy to have amyloid nephrosis the other two probably had the 
same condition It is not at all unlikely that the succeeding tno, 
50625 and 15544, also had amyloid disease both had acti\ e pulmonary 
tuberculosis 
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The last fi\eha\e been grouped topethcr mereK because the ctiolog\ is 
in e\er> case uncertain Four of them, 73222, 29122, 803S1 and 62246, 
conformed more exactly than anv of the other patients in the senes to 
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Fir 1 The Relation or Serlm Proteins to tiif Tu‘E or \riHKiTis 

Epstein's (2) descnption of nephrosis The ongm of the disease was 
insidious, without antecedent infection and unaccompanied by h\p<:r- 
tension, azotemia was obserxed onI> m 73222 for a short time after ad- 
mission hematuna was absent or minimal 
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On the other hand, all the patients, at one time or another, usually 
over considerable periods, exhibited clinical and functional pictures in 
distinguishable from that descnbed by Epstein (2) as characteristic of 
nephrosis, edema massive albuminuria and reduction of serum pro 
teins, without nitrogen retention, high blood pressure, or gross or micro 
Bcopic hematuna Basal metabolism and serum cholesterol which 
were determined m a certain proporhon of the cases, served no better to 
differentiate "pure nephrosis from the other renal conditions In 
another paper (3) it has been demonstrated that the electrolyte ab 
normalities m the different groups of cases are no more distinctive. 

All these facta seem to justify discussion of the functional disturb 
ances in this group as a unit and raise the quesbon whether “nephro- 
sis, ’ as a clinical term, is more than a convenient means of describing 
a syndrome that may occur in the course of renal diseases originating 
from a \ anety of causes 

How impossible it is to differentiate nephrosis from glomerular 
nephnbs and amyloid disease of the kidneys by means of the serum 
proteins can be seen from Figure 1 Both total protein and albumin 
may be quite as low in one disease as another Globulin tends to be 
somewhat higher in amyloid nephrosis than in the other conditions 
This IS presumably referable to the chronic infectious process and not to 
the renal lesion (1, 4) The globulin increases are not great enough or 
consistent enough to aid in the diagnosis of amyloid disease 

Relation of edema to total serttm protein 

The relation of serum proteins to edema m this senes is illustrated 
by means of frequency charts, in Figure 2 The close correlation is at 
once appiarent Edema was almost mvanably present when total 
proteins were below 4 per cent, while it was observed in only three in 
stances when the proteins were above 5 per cent The latter excep- 
tions to the general rule, moreover, occurred in two patients, 15544 
and 83434, who had in addition to renal disease, distinct signs of heart 
disease with circulatory’ failure 

Although it was sometimes possible to induce some degree of diuresis 
w hile the proteins were below 4 per cent, complete elimination of edema 
was effected under these arcumstances in only one instance. In this 
instance serum albumin was relatively high, 2 39 per cent, while globu 
lin was quite low, 1 34 per cent 
61 
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Fig 2 Tun Rel\tion or Edema to the Sekem Froti ins 


Estimation of the degree of edema is quite rough i mdicattn =Iiglit 
pufuneos of the feet noticed b\ ambulatorj patients at the end of the dij 
- 7 - represents pcr-isicnt demonstrable spelling of the feet 2 -f- more exten 
'-i\c subcutaneous edema 3-{- subcutaneous edema and serous effusion^ 
4-f- extreme general anasarca 

Oncotic pressure was calculated from the serum protein ealues b\ ilic 
factors of Goeacris (5 5 X per cent ablumin) -p (1 4 X per cent globulin) 
= oncotic pressure in mm Hg 
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With proteins between 4 and 5 per cent edema was sometimes pres- 
ent, sometimes absent Altogether, demonstrable edema w as observed 
36 times when the proteins w ere within this range Of these 36 obser 
vations 20 were made either before treatment was instituted or dunng 
periods of diuresis In these cases either treatment was effectual in 
eliminating edema or else the serum proteins fell below 4 per cent. 
Edema persisted in case 83166, m spite of the fact that the proteins 
rose above 4 per cent, dunng an mtercurrent attack of acute nephntis 
In acute nephntis edema does not seem to depend directly on the serum 
protein level (5, 6, 7) In another instance, case 73222, there was a 
transitory rise of protein to 4 04 without diuresis dunng the terminal 
period of septicemia when the patient had been vomiting continuously 
One of the observabons was made on case 15544, the patient with heart 
failure noted above 8 on case 34854, who proved to have rheumatic 
heart disease The 3 remaining instances represent merely transitory 
nses to betw een 4 0 and 4 I per cent 

In this senes, therefore, it proved possible in every instance to elim- 
inate edema by treatment when the protems persistently exceeded 4 
per cent, unless there w as concomitant cardiac disease with decompen- 
sation or a comphcating acute nephntis or septicemia The treatment 
employed consisted of restnction of salt to 2 grams or less of NaCl 
daily ivith little or no restnction of fluids In addition ammonium 
chlonde or urea or both w ere gtven when salt restnction alone proved 
meffectual Under more strenuous treatment it might have been 
posable to eliminate edema at lower serum protein levels 

In similar studies Moore and Van Slyke (5) found edema m no case 
when the serum protem exceeded 5 5 per cent Fahr Kerkhoff and 
Conklin (8), found protems below 4 8 per cent in patients with nephn- 
tic edema 

The relation of edema to serum protein fractions and oncotic pressure 

When the proteins were fractionated (see Figure 2), the results ob- 
tained were in accord with those of previous observers in shownng that 
the defiaency involves chiefly, if not entirely, the alburmn fraction 
Globulin lay within normal limits or was slightly elevated The rela- 
tion of this hyperglobulmemia to the underlying infectious processes 
has already been mentioned From molecular weight determinations 
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from 24 9 to 30 3 mm Hg Although the albumin was reduced to the 
point at which edema is prone to occur in nephritis, the estimated on- 
cotic pressure lay at all times above the level at which edema has been 
found to appear 

In the present study edema was present on every occasion when the 
serum albumin was below 2 per cent, but in only one instance when it 
exceeded 2 75 per cent This exception is the case (83434) with heart 
block noted abo\ e The observabons w ith edema in the intermediate 
zone, 2 0 to 2 75 per cent are composed chiefly of untreated or re 
sponsive cases The dividing zone, in terms of oncotic pressure, seems 
to he between 14 and 21 mm Hg with the same excepbon, case 83434 
presenbng edema, probably partly of cardiac ongin, at an oncobc 
pressure of 22 9 mm 

These results are in keeping with those of other observers Moore 
and Van Slyke (5) found edema only when serum albumin fell below 
2 5 per cent Fahr, Kerkhoff and Conklin (8) found that the serum 
oncotic pressure, determined by the method of Schade was less than 
17 mm Hg in pabents w ith nephnbc edema Cope (6) using the os 
mometer of Vemey, found oncobc pressures t'arying from 8 to 38 ram 
Hg in a group of edematous nephnbcs The higher values were ob- 
served in the earlier stages of acute nephntis 

In the literature much weight has been attached to the albunun 
globulm rabo As it has been established that the concenbabons of 
these two protein fracbons in the serum are determined by entirely 
different factors and that the two fracbons are probably funcbonally 
unrelated (1), tlie value of employing such a rabo is doubtful It is 
not the proporbon of albumin to globulin, but the absolute concentra- 
bon of albumin, that is important in the edematous nephnbdes A 
low albumin globulin rabo due to reducbon of albumin has a signifi- 
cance enbrely different from that of an equally low rabo due to eleva- 
bon of globulin 

The causes of the serum albumin deficiency 

That the serum protein defiaency is not due simply to altered blood 
volume could be inferred from the fact that the two protein fracbons 
are not equally affected More direct evidence is found m studies of 
the serum volume Linder, Lundsgaard, Van Slyke and Sbllman (14) 
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made repeated determinations of the ccrum proteins and the sfnini 
\olume (b\ the d\e method) in a qroup of patients with chronic ne 
phrosis or nephrotic glomerular nephritis In no ease was the strum 
\ olume appreciabh abo\ e normal Fluctuations of scrum proteins and 
\ ariations of edema w ere not attended b\ comparable changes of strum 
\ olume Brown and Rowntree (15) detected no abnormalities of 
scrum \ olume m patients with renal edema Darrow (16) noted a 
tendency to blood concentration during the edematous siagts of 
nephntis in children If the tlieoiw’ of Starling (12) olTers a satisfactorv 
explanation for the pathogenesis of edema, the blood should not share 
in the edema, which is due to the inabihte of the organism to retain 
fluid m the vascular bed 

It is generally believed, on the basis of indirect c\ idcncc of ^a^olIs 
kinds, that urinary albumin is derned directh from scrum albumin 
which escapes from the blood circulating through the kidncv, probahlt 
because of abnormal glomerular permeability If this is the cast albu* 
minuna must be considered a senous cause of scrum albumin wastage 
A patient of average size losing as much as 16 grams of protein a da\ 
as did some of the cases m this senes, would excrete all the albumin 
of his serum in the course of a week or two Plasmapheresis c\pcn- 
ments on dogs (17, 18) indicate that such a rate of removal senousK 
taxes the regeneratne capaat^^ If the human capaaty for protein 
regeneration is no greater than that of the dog, the urinan, proton 
excretion of some patients m the present series must approach the limit 
of the regenerate e pow ers of the bodv 

Ne\ ertheless, as can be seen from Figure 3, the serum albumin deficit 
is not direct!} related to the degree of albuminuria This lack of cor- 
relation holds not onh for the group of patients, but also for tho=c m 
dmduals who were observed o\er a sufficient!} long penod to permit 
xahd comparisons to be made Some of the patients with maximum 
albuminunn had rdatneh high serum proteins Urine protein v .is 
determined b} anah zing the unne for nitrogen before and after precipi- 
tation with trichloroacetic aad In cases 35628, 61090, 34854, 95123, 
83166, 50265, S0351 and 62246 serum albumin rose during the penorl of 
observation in spite of tlic fact that the degree of protemuna remaincfl 
practical!} unaltered Therefore, although proteinuria is undoubtcdl' 
responsible, it is not solel} responsible for the production of the •^crum 
protein defiat of the edematous nephntic 
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It has been demonstrated by Fnsch, Mendel and Peters (19) that 
serum protein deficit and edema can be produced in rats by the adminis- 
tration of diets containing insufficient amounts of protein Further- 
more, in earlier papers of this senes (1, 20) it has been shown that serum 
albumin is regularly low m patients with malnutntion and may be re 
stored to the normal level by the administration of diets with high 
protein and high calones Ling (21) and Weech and Ling (22) have 
reported low serum albumin in Chinese famine \ictims That nephn- 



Fig 3 Relation of Serum Protein to Urine Protein 

bs is a Hasting disease has been clearly recognized by Bnght and subse- 
quent observers and has been emphasized by one of the authors (23) 
All these observations taken together suggest that malnutntion, or 
more speafically protein starvation, may be a factor m the production 
of the serum albumin deficiency in edematous nephntis 
An attempt has been made to estimate the state of nutnbon m each 
case This is difficult because the usual cntena of weight and ap- 
pearance are of little value in the presence of edema On the basis of 
other types of evidence, which arc mdicated in the following absbacts 
It IS possible to state that of the 21 patients 14 were unmistakably 
malnounshed at the bmes when they presented edema and low serum 
pro terns 
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Chrome (glomerular nephrtlis 
{Case 61090, female, aged 29 vlien first seen) 
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liBLB 1 (conttnvei) 



t The protein storage is calculated from the total nitrogen retained since the date of the preceding observation 
5 Diet and remarks refer in each case to the period since the preceding date 

II Protein storage during urea periods is somewhat uncertain because of the inexplicable retention of nitrogen which 
occurs when urea is given (37) 
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case, the chief mptoms w ere refcralMc to the digests e tract aiiorc\in 
nausea and \omutng Thc-^e s\ mptoms cllcctinlK thwarted attempt'- 
tn gne a high protein diet 0\er a period of 5 months the a\crago 
protein intake per da\ in no period exceeded 70 grams and for the tirsi 
2 months was onl\ 50 grams Meanwhile the edema stubhornh re- 
sisted treatment and the serum proteins as persistenth remained below 
4 per cent Six months after her first admission the digestne dis- 
turbances began to dimmish and her diet gradualK increased Un- 
fortunatelx the next blood examination was not made until 10 months 
later Bj this time the proteins had risen to 4 53 per cent and she 
had onh occasional orthostatic edema The proteins in another 3 
months had risen to 5 25 per cent with disappearance of the last vesti- 
ges of edema, although the proteinuria remained apparentlv unaltered 
Further inxestigation of the ehects of diet were frustrated In complete 
disappearance of the nephrotic syndrome with apparent restoration of 
normal kidne> function The important data m this case arc pre- 
sented in Table 3 

Case 95123 (see Table 4) was first seen in June 1928, when edema 
had persisted for a period of 6 \ears, under treatment consisting clucflv 
of protein restriction At this time her excessuc weight of 86 2 kilos 
was onlv partK referable to edema, chiefly to adiposit> The serum 
proteins were 4 07 per cent Under treatment with a diet of 80 grams 
protein, 2000 calones, moderate salt restriction and urea, the edema 
disappeared and the proteins gradually rose to reach 5 89 per cent in 
Nox ember About this time in behalf of her figure, at the request of 
the patient, the calones w ere reduced to 1500 The scrum proteins had 
again dropped below 5 per cent by May, 1929, and after this failed to 
n=c again e\en when protein and calones were apparently greatly in- 
creased Subsequent questioning rexcaled the fact that the patient 
had not followed her diet prescnptions faithfully , feanng return of ficr 
obesitx The extent of her dietary^ lapses could nob be ascertained 
Shortly after the examination of May 22, 1930, which marked a new 
low point of 4 41 per cent for the serum proteins, she reduced her diet 
more drasticallx and, when edema shortly appeared, attempted \ainl\ 
to check her nsing w eight by further restrictions Although, w hen ‘^he 
returned for observation in Nox ember, she had subcutaneous edema 
and asates her weight xvas not appreoably greater than it had been at 
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Ntphrosu of tmkrtovn oripn 
{Case 62246 fmalt aied 30 taken first seen) 
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the time of the prcMous observation The ccrum protein'; had fallen 
With 'valt restnction, a hiqh protein diet 2500 caloric-, and initial u-c 
of urea, the edema pradualK disappeared when the protein ro'-c above 
4 per cent and the albumin abo\e 2 3 per cent 

The evidence of protein depletion m the'^; last cases though not 
unequivocal, is distinctlj suggestive If it is accepted, it i- clear that 
malnutrition in the sense of protein wastage is not incompatible with 
obesitv In a limited sense this has alreadv been proved b> studies 
of the dietarv’ treatment of obesity Under such treatment there is 
invanabli an initial negative nitrogen balance which docs not parallel 
the loss of bodv weight At first nitrogen loss is great in proportion to 
weight loss, later it diminishes or ceases while the weight continues to 
fall (28) The organism exhibits a certain, but not perfect, conserva- 
tive tendenev' to utilize the indifferent fuel, fat, to spare the functionallv 
important protein The serum protein deficits which develop in mal- 
nutrition of other diseases and in famine victims clcarlv indicate that 
the organism to only a limited extent maintains serum albumin at the 
expense of tissue proteins If, then, an obese person is afflicted w itli a 
proteinuria whicli continually drains away serum albumin and is at 
the same time, by reason of therapeutic restriction, indigestion or other 
functional disturbances, deprived of an adequate supply of protein, 
the serum albumin mav' rapidlv fall through failure of the regenerative 
processes, while consumption of bodv fat, which is more dircctlv dc 
pendent upon caloric needs, ma> proceed far more slovvlj 

In patients with true famine malnutrition von Hoesshn (29) and 
Weecli and Ling (22) were unable, bj feeding high calorics in the form 
of carbohv drate and fat, w ithout adequate protein, to eliminate edema, 
to increase weight or to restore the serum proteins to the normal level 
The failure to cau^e weight increases is the more surprising because the 
basal metabolism, and presumably the calonc needs of malnourished 
subjects arc subnormal The bod> w eight curv es in Ling’s cases, after 
the elimination of edema, at first paralleled closely the nitrogen reten- 
tion Somevv hat comparable phenomena vv ere observ ed in some of the 
ncphntics of the present series 

Although 95123, in the earlier periods of study, after the elimination 
of edema, lost w eight extremelv slov ly on diets of 1500 or 2000calone- 
vv hen her vv eight had fallen and the serum proteins u ere low , her v eight 
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remained almost constant on 3S00 calones, although her basal metab- 
olism was below normal, giving an esumated basal caloric requirement 
of onl> 1340 calones a day Case 61090 gamed weight only slow ly on 
diets containing 3000 to 4000 calones 


Basal mdabohsM 

Epstein (2, 30, 31), called attenuon to the frequent reduction of the 
basal metabolism in nephrosis, hntang it with the hpemia, espeaally 
the hypercholesterolemia, and finding in it an indication for and an ex- 
planation of the beneficial effects of thyroid medication, which had 
been advocated by Eppmger In Epstan's reported cases low basal 
metabolism occurs more consistently than it does in tlic literature in 
general Nor have others been so umformly successful w itli thvroid 
in the treatment of edema In the present study basal metabolism was 
determined 32 times in 10 cases by means of the Roth Benedict ap- 
paratus In only 6 mstances, twice in 61090 with glomerular nephritis 
3 times in 34753 with amyloid nephrosis, and once in 62246 with idio 
pathic nephrosis, was the basal metabolism below — IS per cent In 6 
instances it was above 0, 4 times in the presence of edema On the 
w hole It seemed to be lowest dunng the most edematous penods and to 
nse as the edema disappeared and the general condition improved 
However, m 80351, with idiopathic nephrosis, it was —2 and —7 on 
two occasions In the absence of edema, —4 in one of the edematous 
penods 

The reduefaon of basal metabolism that accompanies raalnutntion 
has long been recognized (32) and is emphasized m Ling's (21) reports 
on famine edema He found that edema in itself tended to reduce the 
metabolism (estimated in terms of body surface area) “because 
organism is diluted by a large mass of inert fluid “ Malnutntion also 
had an effect As nutntion improved the metabolism rose sharplj at 
first with the disappearance of edema, more gradually later as nutntion 
improved If nephntic edema is attended by malnutntion there is 
every reason to expect low basal metabolism, espeaally m the presence 
of edema 


Therapeutic implications 


of 


Epstan (33) was the first to attach any significance to the reduction 
serum albumin as an indication for therapy Assuming, logically 
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the t>mo of the preiious obsen.ation The serum proteins had fallen 
\\ ith salt restnction a high protein diet 2500 calones and initial u«e 
of urea, the edema gradualK disappeared when the protein ro=^ abo\c 
4 per cent and the albumin abo\e 2 3 per cent 

The e\ndence of protein depleuon in these last cases, though not 
unequnocal, is distincth suggesme If it is accepted, it is clear that 
malnutrition in the sense of protein w astage is not incompatible wath 
obesiU In a limited sense this has already, been proied b\ studies 
of the dietaiA treatment of obesiU' Under such treatment there is 
in\anabK an initial negatiie nitrogen balance which does not parallel 
the loss of bod\ weight At first nitrogen loss is great in proportion to 
weight loss, later it diminishes or ceases while the weight continues to 
fall (28) The organism exhibits a certain, but not perfect, consena- 
m e tendency to utilize the indifferent fuel, fat to spare the functionalK 
important protein The serum protein defiats which de\eIop m mal- 
nutntion of other diseases and in famine \nctims clearh indicate that 
the organism to onh a limited extent maintains serum albumin at the 
expense of tissue proteins If, then, an obese person is afflicted with a 
protanuna which continualh drams awa> serum albumin and is at 
the same time, b\ reason of therapeutic restriction, indigestion or other 
functional disturbances depmed of an adequate supph of protein, 
the serum albumin ma\ rapidh fall through failure of the regenerate c 
processes, while consumption of bod> fat, which is more directh de- 
pendent upon calonc needs, ma\ proceed far more slowlj 

In patients with true famine malnutntion \on Hoesshn (29) and 
Weech and Ling (22) were unable, b> feeding high calories in the form 
of carbohx drate and fat w ithout adequate protein to eliminate edema, 
to increase weight or to restore the serum proteins to the normal lex cl 
The failure to cau^^e weiglit increases is the more surpnsing because the 
basal metaboIi‘:m, and presumablx the calonc needs of malnounriicd 
subjects are subnormal The bodx weight curx es in Ling’s cases, after 
the elimination of edema, at first paralleled closely the nitrogen reten- 
tion Somewhat comparable phenomena xxere obserxed in some of the 
neplmtics of the present senes 

Although 95123, in the earlier periods of studx, after the elimination 
of edema, lost w eight extremelx slow lx on diets of 1500 or 2000 calorics, 
when her weight had fallen and the serum proteins were low , her x\ eight 
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remained almost constant on 3500 calones although her basal metab- 
olism was belou normal, giving an estimated basal calonc requirement 
of onl> 1340 calones a day Case 61090 gmned weight onl> slowl> on 
diets containing 3000 to 4000 calones 

Basal metabohsm 

Epstein (2 30, 31), called attention to the frequent reduction of the 
basal metabolism m nephrosis, linking it with the hpemia, espeaallj 
the hypercholesterolemia, and finding in it an indication for and an ex- 
planation of the beneficial effects of thjTOid medication, which had 
been adi ocated by Eppinger In Epstein s reported cases low basal 
metabolism occurs more oonsistcntlj than it does in the literature in 
general Nor have others been so uniformly successful with thyroid 
m the treatment of edema In the present study basal metabohsm was 
determmed 32 times in 10 cases by means of the Roth Benedict ap 
paratus In onl> 6 instances tw ice in 61090 w ith glomerular nephritis, 
3 times in 34753 with amyloid nephrosis, and once in 62246 with idio- 
pathic nephrosis, was the basal metabolism below — 15 per cent In 6 
instances it was above 0, 4 times in the presence of edema On the 
whole it seemed to be loivest dunng the roost edematous penods and to 
rise as the edema disappeared and the general condition improved 
However, in 80351, with idiopathic nephrosis, it was —2 and —7 on 
two occasions in the absence of edema, —4 in one of the edematous 
penods 

The reduction of basal metabolism that accompanies malnutntion 
has long been recognized (32) and is emphasized in Ling’s (21) reports 
on famine edema He found that edema in itself tended to reduce the 
metabolism (estimated m terms of body surface area) "because the 
organism is diluted by a large mass of inert fluid ' Malnutntion also 
had an effect As nutntion improved the metabolism rose sharply at 
first with the disappearance of edema, more gradually later as nutntion 
improved If nephnbc edema is attended by malnutntion there is 
ev-ery reason to expect low basal metabolism, espeaally m the presence 
of edema 

Therapeultc tmphcaliOTit 

Epstein (33) was the first to attach any significance to the reduction 
of serum albumin as an indication for therapj Assuming, logically 
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that the low serum albumin was a direct result of leakage of such albu- 
min into the unne, he ad\ocated the administration of hieh protein 
diets to patients with nephrosis Since then numerous others ha\e re- 
ported fa\orable results from the use of penerous protein diets 1 he 
data here presented offer further reasons for the use of such diets 1 low 
much protein should be given is as \ct doubtful In his original paper 
Epstein ad\ocatcd 140 grams daih It is, howe^e^, uncertain whether 
such large amounts can be utilised to ad\antage The aim of dietary 
treatment is not to increase nitrogen catabolism, but to replace wastage 
and to proMde extra protein for the restoration of prcMousIv depleted 
tissues In the experience of the authors, except when there is infec- 
tion or some other complicating condition, the protein catabolism of 
nephntic patients with edema is not abnormally high In the cases 
studied during chronic periods it was possible to establish and maintain 
positne nitrogen balances, e\en in the face of set ere albuminuria, 
with protein catabolism (estimated from urinary nonprotein nitrogen 
excretion) not greater and usually less than two thirds of a gram per 
kilo In patients with malnutrition from other causes, it has been 
found that betond a certain point, increasing increments of protein arc 
used less and less efficientl> for storage (20, 29) Although none of 
these patients were given more than 125 grams of protein daily, the 
capaatx to store the excess protein with maximum efficiency was 
definiteh surpassed 

In the present senes of nephritic patients the amounts of protein 
taken seldom exceeded 125 grams and were usually much smaller 
In most cases the\ were limited less by the pliysiaans than by the 
appetites and digestions of the patients WTien the patients were not 
afflicted by an^ complicating wasting disease and were able to consume 
o\er long penods enough protein to supply the endogenous metabolic 
needs plus enough to replace that lost in the urine and a further addi- 
tional amount to restore pretaously depleted tissues, the serum proteins 
rose and edema disappeared Although proteinuria continues un- 
changed such patients ha\e been enabled to pursue normal actnt lives 
for penods of vears This is true not only of patients v ith apparently 
idiopathic nephrosis, but those with the nephrotic form of glomerular 
ncphnii= such as 61090 and 95123 Case 56577 shows that ev'cn a 
patient v itli amylo’d nephrosis may become free from edema and 
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undergo a temporary remission if the underlying chronic infection be- 
comes sufficiently arrested to permit restoration of the normal nutritis e 
state 

Whether this treatment has any definite effect in checking the prog- 
ress of the disease and aiding repair of the renal lesion is doubtful, al 
though it IS not unreasonable to suppose that, by improving general 
health and nutnbon, it may faalitate reparative processes Two of 
the patients in this senes, 80351 and 62246, appear to ha\e rccotered 
completely, the latter after an illness of almost three years duration 

Berglund and Scnver (34), Cowie Jarvis and Cooperstock (27) and 
others claim tliat proteinuna is increased by high protein diets Within 
the dietary liimts employed in the present study no relation could be 
found between dietary and unnary protein 

Epstein (2, 33) advocates limitation of dietary fat in the treatment of 
nephrosis, because lipemia is so consistently encountered in this condi- 
tion Unless It can be proved that the lipemia is due to faulty fat 
metabolism, which seems unlikely (35) fat restriction does not seem to 
be clearly mdicated In order to secure maximum utilization of pro 
tern and to overcome malnutrition it is necessary’ to furnish adequate 
calories This is almost impossible unless fat is given freely There is 
no evidence m these studies that diets containing generous proportions 
of fat had any deletenous effects 

If the reductions of basal metabolism so frequently encountered are 
referable to edema and malnutrition, the administration of thyroid, 
which has been advocated by Epstein (2, 30), does not seem entirely 
logical The low basal metabolism must be considered as a conserva- 
tive process, and therefore one to be furthered and not combatted 
Administration of thyroid to two of the cases of this senes with low 
basal metabolism, 34753 and 62246, did not promote diuresis nor exert 
any other favorable effect, although it was pushed to the point nhere 
disagreeable symptoms appeared Nor did these patients, as Epstein 
reports exhibit any peculiar tolerance for the drug It may be that 
the greater tolerance and beneficial effects reported by others are prod- 
ucts of age and not disease Most of these subjects have been children 
It has been shmvn by Topper and Cohen (36) that m childhood thyroid 
does not produce symptoms of hyperthyroidism and may promote 
growth 
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Although salt restnction and diuretic drugs, especialK acidihing 
salts and urea, are useful measures in initiating diuresis, the\ should he 
considered onK as temporary palhati\e measures and certainK should 
not be forced to the point where the\ interfere with appetite or diges- 
tion 

CONCLUSIONS 

Reduction of serum proteins at the expense of the albumin fraction is 
not charactenstic of idiopathic nephrosis, but is equallj common in 
other Upes of nephritis with non-cardiac edema 
When the proteins, by reason of albumin deficicnc> fall below 5, but 
remain abo\e 4 per cent, edema is likeK to appear, but can usualK be 
eliminated b> proper therapeutic measures WTien they fall below 4 
per cent treatment is usualh ineffectual 

Besides albuminuna, which permits direct loss of scrum albumin into 
the unne, the chief cause of the serum protein deficiencj appears to be 
depletion of the protein stores of the bodv 

PROTOCOLS 

Chronic glomerular nephritis 

S56SS \ Polish male, aged 43, dc^ eloped generalized edema after a sore 
throat in August, 1924 He was admitted to the Hospital Januarv 10, 1923, 
with slight anemia, general anasarca, blood pressure 122/78 phenolsiilfon- 
phthalein excrcuon of 32 per cent, blood nonprotein nitrogen of 61 mgm per 
100 cc , an inflamed throat and slight fc\cr, unne containing blood and 
casts and from 8 to 19 grams of protein dail> On discharge he was free 
from edema, the blood nonprotein nitrogen was 30 mgm per 100 cc , and the 
unne contained no red blood cells, although the proteinuna had not dimin- 
ished The patient has not been seen again 

61711 \ boa, aged 5, de\ eloped generalized edema after a sore throat and 
otitis media, in No\ ember 1926 He was admitted to the hospital Sep- 
tember 11, 1927, with general anasarca, sccondarj anemia, a blood pressure 
of 100^80, blood nonprotein nitrogen 22 mgm per 100 cc , and unne contain- 
ing large amounts of protein without macroscopic or microscopic blood He 
failed to respond to ana therapeutic measures, had repeated upper respira- 
tory, infections (apparently due to the hemolytic streptococcus) and finally 
died Januarv 2, 1928, of hemoh tic streptococcus septicemia with ptTitoniti 
\utopsy reaealed in the lidneys glomerular nephritis, extensive tuhul tr 
degtrc’'ation and focal legions presumabU connected with the ^epticemn 
ClGltO A.n unmarned t.oman of 29, in March, 1927, dev doped generalized 
edn-ra vathoul an\ antecedent infection She " as admittc-d to the hospital 
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Jul> 7 With general anasarca blood pressure o[ 160/108, phcnolBuUon- 
phthalein. excretion ot 15 per cent a blood nonprotein nitrogen of 77 mgm 
pet 100 cc. and a unne containing 10 to IS grama of protein daily, many casts, 
a few leucocytes but no red blood cells After a penod of resistance to 
treatment she dei eloped a profuse diuresis and improved rapidly At the 
time ot discharge October 31 she was free from edema with a blood pressure 
ot 124/96 blood nonprotein mtrogen of 29 without change in the unnary 
picture The blood count gradually returned to normal and she improved 
steadily after her discharge She was soon able to resume her occupation as 
cooV and houseworVer and felt entirely well until December 18, 1930, when 
she developed a severe upper respiratory infection Edema recurred and 
she was finally admitted to the hospital January 21 with moderate general 
anasarca, but wnth normal blood pressure and a blood nonprotein mtrogen 
ot 30 She improted rapidly under treatment, was discharged February 2 
free from edema and was able to resume work a little later The unne from 
the first observation to the present time, June 10, 1931 including the symp 
tomless periods, has remained unchanged always containing large amounts 
of protein many casts and a lew leucocytes, with only occasionally rare red 
blood cells 

S4854 A Polish male, aged 29, was admitted to the hospital October 14 
1924 Two years earlier after an acute polyarthritis he developed general 
anasarca hematuria and lumbar pain These symptoms persisted with 
exacerbations and remissions, the former usually accompanying sore throats 
On admission he presented general anasarca secondary anemia, a blood 
pressure of lSS/95 a phenolsulfonphthalein excretion of 45 per cent, blood 
nonprotein nitrogen of 43 mgm per 100 cc , and unne containing 10 to IS 
grama of protein dally many caste, some leucocytes, and at intervals, 
numerous red blood cells In addition the heart was enlarged, a loud systolic 
murmur was audible o\ er the whole precordium, the spleen was considerably 
enlarged and hard, and he exhibited intermittent tenderness in both costo- 
vertebral angles, occasional arthritic manifestations and irregular fever 
Under treatment after a consfderablc latent period, he developed diuresis 
and improved greatly When discharged, on December 22, he was free from 
edema, the anemia had improved the blood pressure was 131/85, the blood 
nonprotein nitrogen 28 mgm per 100 cc. The unne was unchanged Just 
after his discharge he caught cold developed pneumonia and was admitted 
to a Hartford Hospital with recurrence of all the nephnbe symptoms June 
23, 1925 he was readimtted to the New Haven Hospital, where he remained 
until his death, October 8 1925 Except for greater emaaation and anemia 
hiB condition was essentially the same as it had been on the previous admis- 
sion Under stnet treatment he could be kept free from edema, blood 
pressure and blood nonprotein nitrogen remained normal Irreguljr fever 
and intermittent temperature persisted, hematuria wae more frequent and 
profuse and he suffered from attacks of sharp pain in the regions of the spleen 
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Tnd hdnc\‘= September 19 he Ind a Irancicnt attack of lln^oasCK)^lMlC'^ 
follorvcd b\ \omitinK and cc%cro headache The ■spinal fluid va^; found to 
he b1ood\ October S he had a sudden con\ul‘;ion and died a few lioiir*; 
later \utop‘;\ rc\calcd a cerebral hcmorriiapc, a small, fre-h \tectation on 
the mitral \ahc old and fre^h infarctions of spleen and kidneas In tiu lat- 
ter there were also e\tensn e tubular degenerations, signs of chronic and acute 
glomerular nephritis, and lesions of a more acute, probable bacterial, dilTiise 
focal nephritis 

5GSS3 \ male, in 1^22, at the age of 16, dc\ eloped nephritis with hema- 
turia after an acute rcspiratore infection The acute symptoms rapidh 
subsided, but he was left with persistent albuminuria and occasional periods 
of hematuna In March, 1927 hespent 1 7 da\ sin the hospital under obser- 
lation He was cntireK free from sxmptoms, without edema or anemia 
His blood pressure was 120/S6, plicnolsulfonphthalcin excretion 56 percent 
and his blood nonprotein nitrogen xaned from 40 to 21 mgm per 100 cc 
1 he iinnt contained 3 to 4 grams of protein dailj , casts, and moderate 
numbers of leiicoc) tes, but no red blood cells 

05123 A female, in 1922, at the age of 19, de\ eloped general anasarca after 
a sore throat The edema persisted to a xanable extent after subsidence of 
the acute attack When she was first seen as an outpatient on June 22, 
1928, she had moderate edema of the legs, no anemia, a blood pressure of 
136/86, and a blood nonprotein nitrogen of 20 mgm per 100 cc The urine 
contained 7 to 10 grams of protein dailx , some casts and occasional leucoc} tes 
and red blood cells \ftcr prehminarj treatment with urea she became free 
from edema and remained so until the summer of 1930, when she reduced 
her diet for the sake of her figure Shortly after tins she de\ eloped anasarca 
and, \o\ ember 12, 1930, was admitted to the hospital Her edema disap 
peared wath rest in bed and salt poor, high protein diet '\ftcr discharge 
she remained free from edema, at first x\ath the aid of urea, later v ithoiit 
The blood pres--ure and blood nonprotein nitrogen remained normal through- 
out the urine unchanged 

S31GG A male, aged 31, in Februarj, 1930, began to suffer from pain in 
the back and the lower abdomen, rehexed b> urination, accompanied b> 
edema of the ankles The edema graduallx increased and djspnea on exer- 
tion and palpitation dcxcloptd In March the blood pressure xxas found 
clexated the lower truni had become edematous and asates had appeared 
When admitted to the hospital, \pnl 15, he pre-sented signs of chronic ton- 
sillar infection, ralc-s and dulne=s at the bases of both lungs, a'citcs and 
edema the lower c-xtrcmities and the lover part of the truni a bhxid 
pre-'U>-e of 140 90, 70 per rent phenolsulfonphthalein excretion, and a 
ronprotein nitrogen of 44 mgm jitr 100 cc The unne cont lined tO to 12 
gran’s of protein daiK, casts, a fex leucocxtes and rare red blood cells He 
imp’’Ox td g' iduallx under tr< atment until Max 26, " hen he developed a <=orc 
th'oat ard b'oachop''i'unonia With this the blood pressure ro e the blood 
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nonprotein nitrogen increased to 60 mgm ond vomiting begun June 2, be 
went into convnilsions. He was discharged against advice August 2 The 
blood pressure at this time was ISO/tOO, the blood nonprotein nitrogen 76 
mgm pcrlOOcc. The character of the unne had not changed Thepauent 
died at home shortly after he left the hospital 

F Af A female aged 14, in 1927, alter a sore throat was discovered to 
have profuse albuminurm After this she nobced that her eyelids became 
puffy at irregular intervals When seen as an outpatient, December 16 
1930, she seemed well There was no edema no anemia, a blood pressure 
of 110/80, 50 per cent phcnolsulfonphthalein excretion and a blood nonpro- 
tcin nitrogen of 34 mgm per 100 cc The unne contained about 3 grams of 
protein per day, rare casts, leucocites and red blood cells Her condition 
has remmned unchanged until the present, June 22, 1931 

Amyloid nephrosis 

S4759 A male aged 19, was admitted to the hospital October 2, 1924 
because of a severe diarrhea of 5 weeks' duration This diarrhea persisted 
unbl death June 10, 1926, his feet became swollen and albumin was de 
tected He was admitted to the hospital again on J une 14 and followed in 
the hospital or as an outpatient until death wnth acute pentonitis symptoms 
February 12, 1928 Throughout this penod of study the diarrhea and edema 
persisted the blood pressure and blood nonprotein nitrogen remained 
normal, the unne contained from 7 to 20 grams o! protein daily, casts and 
leucocytes but no red blood cells Autopsy revealed proliferative tubercu 
louB ententis and general amyloid disease mth amyloid nephrosis 

50577 A female, in 1920, at the age of 12, developed an abscess of the os 
innommatum After this she had repeated abscesses of the pelvic bones 
and one of the nbs tnjanuary 1927, dunng the surgical treatment of one 
of these abscesses in this hospital, generalized anasarca appeared The unne 
was found to contmn large amounts of albumin, with casts and leucocytes 
but no red blood cells The blood pressure and blood nonprotein nitrogen 
were normal After a protracted illness the edema cleared and the abscess 
healed The protemuna dimuuahed considerably From August, 1928 
she remained free from abscesses and symptoms of all lands until December^ 
1930, when she had a recurrence of the pelvic osteomyelitis, which opened 
into the bladder The edema recurred Operation was unsuccessful and 
she died on April 11 1931 The blood pressure was ala ays normal, the 
blood nonprotein mtrogen rose only as a terminal event Autopsy reveled 
osteomyelitis of the symphysis, pelvic pentonitis and amyloid nephrosis. 

7e4Sl A male developed pulmonary tuberculosis in 1927 at the age of 
27 In September, 1928, after he had lost 26 lbs of weight, diarrhea and 
Wh™ I’® admitted to the hospital January 
13, 1929, besides evidences of advanced pulmonary tuberculosis he bad gen 
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had, besides the presious findings, anemia, edema of the lower extremities 
and back, asates, a blood pressure of 220/110, 30 per cent phenotsulfon 
phthalein excreUon and a blood nonprotmn nitrogen of 46 ragm per 100 cc 
The unne contained 9 to 13 grams of protein, many leucocytes and some 
casts, but no red blood cells Her condition became steadily worse and she 
died Not ember 4 


Cases of unknown origin 

Stt90 Male aged 52 descloped edema of the legs early in “May, 1924 
Ten months earlier he had contracted syphilis, for which he was treated with 
arsenical injections for 6 months When he was admitted to the hospital 
on May 24 he had moderate edema of the lower extremities and back, a 
blood pressure of 140/80, 45 per cent pbcnolsulfonphthnlcin excretion a 
blood nonprotein nitrogen of 32, and a. positive blood Wassermann The 
unne contained a large amount of protein, manj casts and a fen leucocytes 
and red blood cells Under treatment m the hospital the edema diminished 
rapidly However, it recurred when he left the hospital When he was 
seen a year later he still had some orthostatic edema and the unne had not 
cleared, but his blood pressure and blood nonprotein nitrogen were normal 
7SSSS A male, aged 17, in the middle of February, 1929, was sored with 
abdominal pain, vomiting, chills and temperature Three days later albu 
minuna was discos ered The vomiting continued and edema gradually de 
s eloped When he entered the hospital March 27, he had general anasarca, 
anemia, a blood pressure of 118/72, a IS jier cent phenolsulfonphthalein ex 
cretion, and a blood nonprotein mtrogen of 72 mgm per 100 cc. The unne 
contained 10 to 16 grams of protein per day, many casts and a few leucocytes, 
but no red blood cells Vomibng persisted after admission accompanied by 
headache May 6 he developed diarrhea and increasing abdominal pain and 
tenderness with fer'er On May 7 precordial pain appeared and May 10, 
harsh pleural faction on the nght mde He died on May 10 Between 
May 6 and the day of death pneumococci, Group IV, were secured from 3 
different blood cultures An indefimte history of sore throat and rash just 
preceding the nephntis was obtained 

8S4S4. A male, aged 68, developed pain in the joints of the upper extremi 
ties and m the back in May, 1929 November 19 he noticed edema of the 
lower extremities In December be was found to have complete heart block 
and albuminuna was discovered In March 1930, the pains extended to the 
lower extremities and the edema increased to involve the trunk When seen 
at his home May 3, he had marked edema of all four extremities and the 
lower trunk, double hydrothorax, ascites, heart block, a blood pressure of 
120/60 severe anemia, and a blood nonprotein mtrogen of 80 mgm per 100 
cc. The unne contained 13 grams of protein per day, with few casta or cells 
May 18 he was admitted to the hospital where he died on May 25 
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20122 \ mile, aqcd >0, admitted to the lio-[)inl I chrti.trv 2, 1*^21 

because of edema ubich had appeared chortle litfore that witiioiu ma ante 
cedent infection On admi’s^ton he had Rcrural ainearca a blood pri-vurc 
of 10a/6S 5> per cent phenol'^ulfonplulnlein e\crction and n bltMid lum- 
protein nitroqen of i3 mpm per 100 cc Ills urine contained 10 to 15 qrams 
of protein dailj, with man\ cast*- but no rtd blooel cclU The edema dis 
aiipcarcd rapidlv under treatment in the hospital 

SOSll A male, aqcd 10, without known antecedent infection in Marcli, 
1928, dc% eloped edema, asates, and albuminuria which persisted for four 
monthe In Jvlarch, 1929, he had a second similar attack which cleared up 
more rapidh Jul\ 15, 1929, he was admitted to the hospital because of 
recurrence of albuminuna There was no edema, the blood pressure was 
124/64 phcnolsulfonphthalein excretion 50 per cent blood nonprotein nitro 
pen 25 mgm per 100 cc , and blood count normal 1 he urine remained clear 
while he was in the hospital ParK in September di77incss, anorexia, back 
[lain and headache set in, as«oaatcd witli albuminuria He was again ad- 
mitted to the hospital, where the sxmptoms and unnar\ changes disap- 
peared His tonsils were remoted because of a history of frctpient sore 
throats In \ os ember pain m the flanks recurred, accompanied by edema 
and profuse proteinuna When he entered the hospital, Nosember 19, 
he had general anasarca without anemia, hjpcrtcnsion or a7oicinia His 
unne contained 6 to S grams of protein dailj, with casts and Icucocv tes, but 
no red blood cells Lndcr treatment the edema gradualK disa[)pcarcd and 
the proteinuna diminished Bt March, 1930, all signs of renal disease had 
disappeared There has been no recurrence up to tlie present time (Jul>, 
1951) Industnal mercurj poisoning maj ha\e been the etiological factor 
m this, case 

622 'fG \ female, aged 30, in June, 1927, witlioiit antecedent infection, dc- 
\ eloped edema of the feet and some breathlessness These s\ mptoms lasted 
onU about 2 wetls, but recurred again in October, when albuminuria was 
discovered W hen she was admitted to the hospital, \o\ ember 1, 192", she 
had moderate edema of the legs, thighs and lower back, slight anemia, a 
blood pressure of 105/75, 30 per cent phenolsulfonphthalein excretion and a 
blood nonprotein nitrogen of 32 mgm per 100 cc The unne contained 
about 10 prams of protein daih, with occasional casts and leucocytes, but no 
red blood cell"- The edema, although moderate, v as extremely rcsistenl to 
t-eatment flic patient suffered continuouslv from anorexia and digestne 
di-turbances Ho\ ever siie improved gradually and, bv October, I92S, the 
cdtiai }, 2 ci di-appeared although the proteinuna persisted unabated bhe 

i- se^n at infrequent iiuerv als without ev idcncc of change in the condition 
tin’ll m Ma , 1930, a distinct re-duction of the protanuria e as rtotrj 
’'hri'-itv after this date the untie cle in d coinpletelv Lxaimnatioii m Oc- 
, i’>i ', 1930 revealed no evidence-, of renal di-e^-'c 
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